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species  *^,  For  the  fir»t  accurate  account  of  the  mode 
of  preparing  indigo  from  these  plants,  we  are  indebted 
to  Labar  f.  Since  his  tint^  some  improvements  haire 
been  introduced  into  the  manufacture  9  but  the  mode 
of  rearing  the  plants  sull  continues  the  same.  In  the 
West  Indies  the  seeds  are  sown  10  March,  10  tfexicbei 
ahouta  foot  asunder,  and  the  plant  comes  into  blossomf 
and  is  fit  for  cutting  dowain  May  ;  but  in  south  Ame- 
rica about  six  months  elapse  before  Jt  can  be  lut*  In 
the  West  Indies  four  cuttings  arc  often  obtained  from 
the  same  plant  in  the  course  of  a  jear  ;  but  ia  Amcri* 
ca  never  more  than  two,  and  often  only  one.  The  pro- 
duce continually  diminishes  after  tlie  first  cutting ;  80 
that  it  is  Accefisary  to  renew  the  plants  from  seed  every 
year. 

The  plants  arc  cut  down  with  sickles,  and  laid  ia 
strata  in  the  steeper^  titl  it  is  about  three  parts  full.  This 
is  a  large  cistern  of  mason  work  or  wood  about  16  feet 
square.  Here  they  arc  pressed  down  with  planks^  and 
loaded  to  prevent  them  from  swimming,  and  covered 
with  water  to  the  height  of  four  or  five  inches.  Here 
they  ferment  j  and  the  utmost  attention  is  required  to 
the  process.  If  they  be  allowed  to  remain  too  long, 
the  pigment  is  spoiled  ;  and  if  the  water  be  drawn  off 
too  soon,  much  of  the  indigo  is  lost.  This  fermenti* 
lion,  according  to  Le  Blond,  goes  on  best  at  the  tempe* 
niture  of  80^*  The  water  soon  becomes  opaque,  and 
assumes  a  green  colour ;  a  smell  resembling  that  of  vo* 


•  Edward'f  Wittftf  9/ the  Wat  Iftdtis^  u*  175.  t  ud  BerchcUet,  JUtmmi 

t  Sec  Mt  Acfioimt  detailed  by  Dr  Lewm  in  Neuraum*s  CBtmhfrj  p* 
435* 


IKOIOO. 


>  iUcili  is  exhaled^  and  bubbles  of  carbonic  add  are 
1*.    Wbco  the  fennematioo  has  contmued  long 
enpogbf  the  lienor  is  let  out  into  a  second  cistern^  pla* 
aib^tt  than  the  firsU     This  cistern  is  called  the  lutt* 
tajf  tnd  i»  commotily  aboat  12  feet  square  and  four 
%id  1  lialf  deep.     Here  it  is  agitated  for  IS  or  20  mi« 
ootet  bjr  means  of  levers  moved  bjr  machinery^  till  the 
Soccalif  beginning  to  separate^  give  it  a  curdled  ap. 
pcatvice.    A  quantity  of  lime  water  is  now  poured  in^ 
and  the  blue  Soccoli  are  allowed  to  subside.    The  lime* 
posed  lo  prevent  putrefaction,  which  other- 
gndanger  the  pigment ;  and  according  to  Le 
Blond,  it  absorbs  carbonic  acid,  which  einsted  in  the 
liquid,  and  prevented  the  indigo  from  separating*     The 
'  is  drawn  Qflfi  and  the  pigment  put  to  be  drained 
imtU  linen  bags ;  after  which  it  is  put  into  little 
\  boxes^  and  allowed  to  dry  in  the  shade  f. 
[  Europe  w^as  long  supplied  with  indigo  irom  the  West 
titi  aod  America  -,  but  of  late  the  manufacture  has 
beea introduced  into  Indo^tan,  and  carried  on  with  such 
split  and  success  as  promises  fair  to  secure  to  that 
cwmtrjin  future  the  supply  of  the  European  market  t* 
Tbc  leaves  of  the  indigofera  yield  a  green  infusion 
tob^watert  and  a  green  powder  may  be  precipitated 
fiQiii  iti  bat  imless  a  fermentation  has  taken  place,  nei- 
tbn  the  colour  nor  properties  of  it  have  any  resem* 
bboce  to  indigo*     Lc  Blond  afErms  that  the  contact  ol^ 
air  if  aecessary  to  the  fermentation  of  indigo  ;  but  his 
proofs  are  bsufBcient,     The  separation  of  carbonic  acid 


CilAjkl. 
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Bdtkiv.  21  a  sufficient  proof  that  chemical  decompositioos  are 
going  on  during  the  fermentation  ;  but  of  what  nature 
we  are  ignorant. 

The  indigofera  is  not  the  onlj  genns  of  plants  front 
which  indigo  may  be  obtained.  Dr  .Roxburgh  first 
drew  the  attention  of  manufacturers  to  the  mrimm  tmC" 
ioritim,  a  tree  very  common  in  Indostan,  from  the  leaves 
of  which  it  may  be  extracted  in  abundance.  His  pro« 
cess  it  shorter.  The  leaves  are  kept  in  a  copper  full 
of  water,  supported  at  the  temperature  of  l«0^^  till 
they  assume  a  yellowish  hue,  and  the  liquid  acquire  ft 
deep  green  colour.  The  liquid  is  then  drawn  off,  agi- 
tated in  the  usual  manner,  and  the  indigo  throwo  down 
by  Ume  water  *. 

Indigo  may  be  obtained  also  from  the  isaiis  imctmimp 
or  tooad :  a  plant  commonly  enough  cultivated  in  Bri« 
tain,  and  even  found  wild  in  England  f .  When  arrived 
at  maturity,  this  plant  is  cut  down,  washed,  dried 
hastily  in  the  sun,  ground  in  a  mill,  placed  in  heaps^ 
and  allowed  to  ferment  for  a  fortnight.  It  is  then  wdl 
mixed,  and  made  up  into  balls,  which  are  piled  npon 
each  other,  and  exposed  to  the  wind  and  sun.  In  thb 
ttate  they  become  hot,  and  exhale  a  putrid  ammooincal 
ftmell.  The  fermentation  is  promoted,  if  necessary,  by 
sprinkling  the  balls  with  water.  When  it  has  contr- 
ttoed  for  a  sufficient  time,  the  woad  is  allowed  to  lall 
to  a  coarse  powder  ;  in  which  state  it  is  sold  as  a  dyr. 
stuff.  By  treating  woad  nearly  in  the  same  manner 
with  the  tndigofcra^  indigo  has  been  obtained  from  it 


*  Bucroft  OO  Permamemi  CUmrt^  p.  423. 

t  Some  thiak  thac  thit  ii  tbc  pboc  wkh  which  the  •ncicat  Bril 
fliaiaed  their  lK»<li»»  lu  make  ihem  appear  tetobk  to  their  '^^^^^l 


pmtsts.     Jttsii  •  was  one  or  me  nrst  of     Chi.p,  I. 
these.      Borth  published  a  paper   on   the  subject  in 
1754 fj  Kulcocamp  I  in  17559   and  £del  j   s  third  in 
1756- 

Ch«vrctjl  obtained,  by  digesting  woad  in  alcohol^  and 
evapomttDg  the  solution,  wLiie  crystalline  grains  which 
grmduallf  became  blue  when  exposed  to  ihc  atmosphere, 
1^  aisumed  the  usual  appearance  of  indigo*  The^e 
white  grains  he  considers  as  indigo  destitute  of  oxygen. 
Xkcir  rrystallixed  itate  is  remarkable  )|, 

The  melhod  of  preparing  iodigo,  and  of  applying  it   Hltujij^ 
fo  ttK  {miposes  of  dyeing,  seems  to  have  been  very  ear- 
ly known  in  India;  but  in  Europe^  though  it  bad  been 
oceiiiooaUy  used  at  a  paint  ^»  its  importance  as  a  dye* 
ituff  was  oot  uoderstood  before  the  middle  of  the  iOth 
century.     Iris  not  even  mentioned  in  the  Piictho^  a  ce- 
Ubrated  wof k  oa  dyeing   published  in  Itdy  in   1345* 
The  Diltdi  were  the  people  who  first  imported  it  from 
Iniliai  and  made  its  importance  known  in  Kurope.     E- 
venas  late  as  the  middle  of  the  seventeenth  century, 
its  memt  restricted  in  different  countries.    It  was  pro- 
Mbited  in  England  during  the  reign  of  Queen  Elira- 
iMb;  and  Uie  prohibition  was  not  taken  oW  till  the 
Ittgn  of  Charles  11*     It  was  prohibited  also  in  Saxony, 
bte  edict  il  is  spoketi  of  as  a  corrosive  substance* 
aid  called  yJw^  ybr  the  Devil.     Colbert  restricted  the 
Ffeoch  dyers  to  a  certain  quantity  of  it  •*.     Soon  after 
iti  icaportancc  began  to  be  generally  understood,  it  was 


•  SiMer*f  £m<r/ir«xrt.  i  68.  |  In  the  HM  Krws^oftr, 

}  Sthreher't  Sgm^^L  viii,  448*  i  Da  Ini^  CrrmamcB  ex  Cimti^, 

\Im.ie  Phy*.  UM*  373*  1  Plinin  Lib*  xnv.  c  6* 
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Book  IV,  cultivated  in  Mexico  and  the  West  Indies  wit 
success  that  the  indigo  from  these  countries  was  ] 
red  to  every  other:  but  within  these  few  years  tt 
Indian  indigo,  owing  entirely  to  the  enlightened 
tions  of  some  of  our  own  countrymen,  has  recovc 
character,  and  is  now  imported  in  considerable  < 
ties  to  Britain. 

Propertiei.  Indigo  is  a  fine  light  friable  substance  of  a  de< 
colour.  Its  texture  is  very  compact,  and  the  sli 
its  surface  varies  according  to  the  manner  in  w 
has  been  prepared.  The  principal  tints  are  coppc 
let,  and  blue  ^  the  lightest  indigo  is  the  best :  bi 
always  more  or  less  mixed  with  foreign  substance 
ly  owmg,  doubtless  to  the  carelessness  of  the  pi 
tion,  and  partly  to  the  bodies  which  the  plant  c 
ing  indigo  yields,  to  water.  From  the  analysis  oi 
man,  to  whom  we  are  indebted  for  one  of  the  mo: 
plete  treatises  on  the  properties  of  indigo  which 
appeared,  the  purest  indigo  which  he  could  proa 
composed  of  the  following  constituents  : 
47  pure  indigo 

12  gum 
0  resin 

22  earth 

13  oxide  of  iron 

100* 
•JThe  earth  consisted  of  10«2  barytes 
lO'O  lime 
1*8  silica 

22-0 1 

— ■    ■       ■  I ■   II  ^  [  I  ..I 

*  Bcfgmio,  Y.  36.  t  IlttiL  ▼•  33* 


But  IB  all  probabiluj  ibc  earth  dificrt  in  diSereot   ^   Ctap.  U 
sppcioieia  i  ioT  Proust  found  magnesia  m  considerable 
qnaomj  in  the  B{>e€iiDeQs  which  he  examined  *•     The 
47 parts  of  blue  pigmcot  are  alooe  entitled  to  the  name 

of  indigo;  and  to  them  therefore  we  shall  coafine  our 

iKffOtioii  m  this  Sectioo. 
Cheuimetil  has  lately  published  the  result  of  his  ex- 

pcriniCQS  on  Guatimala  iadigo^  which  shows  th*it  the 

to^o  of  comnierce  is  a  still  more  complex  substance 

than  Bergman  found  it* 

Hot  water  digested  on  indii^o  became  yellow.     This   ^^^*^l^* 

^  °  ^   ^  cuts  of  coin* 

id  being  distilled  gave  out  ammonia  and  let  fall  a  mooiodigow 
*th  matter  which  became  blue  upon  exposure  to 
the  air,  and  possessed  the  properties  of  indigo.  After 
this  matter  haa  separated,  flocks  precipitated  of  a  green 
colQttr,  to  which  Chevreul  has  given  the  name  of  gnm 
maiitr*  II  is  acarcely  soluble  in  water*  but  dissolves 
t  alkaline  lejs  and  becomes  reddish.  When  the  al- 
i  is  saturated  by  an  acid  the  colour  becomes  green, 
I  when  the  liquid  is  concentrated  the  green  matter 
lecipitates  in  docks.  Alcohol  dissolves  it  and  becomes 
dish;  but  when  spread  thin  upon  any  subbtance  it 
I  looks  green.  Alcohol  being  poured  into  the  wa* 
ta  IxQxa  which  the  green  matter  had  precipitated,  a 
ttbstSDce  fell  of  a  brownish  yellow  colour  and  a  bitter 
tod  utringeot  taste,  and  which  burnt  on  coals,  emitting 
the  odour  of  cmpyreumatic  vinegar. 

The  indjgo    thus  treated  was  digested  in  alcohol* 
Tri^  ^Icoho]  dissolved  ;   1*  greem  matter;  2.  ndmaiiiri 
i^ti^o*     The  nd  matter  agrees  with  the  ^tert  Iti  all 


•  Kicholioi>*i  Iwrmal^  iii.  1%$. 
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BpAklV.^   its  properties  except  colour.     The  colour  dod 
change  by  solution  in  slkaline  ltj%  and  alcohol. 

The  indigo  in  the  third  place  was  treated  with  n 
ttic  acid  which  dissolved  1.  iroH  ^  2.  carbonate  ofi 
3.  ni  matter. 

The  following  Table  exhibits  the  substances  t 
from  Gruatimala  ;ndigo  bj  these  processes,  and  of 
sequence  its  composition, 
fammonia 

.  disoxjgenized  indigo*..  \Z 
green  matter 
bitter  ma|ter 

r*  green  matter 30 

Alcohol.  <  red  matter 

C  indigo 

Moriaticcid  J"**  ""»« « 

C  carbonate  of  lime 2 

oxideof  iron  and  alamina  2 

silica s 

pure  indigo. ,.  45 

Total  100 
All  indigos  do  not  yield  the  same  substances  noi 
same  proportions.      In  some  the  green  matter  h 
brown  colour  *• 
Auion  of         ludigo  is  a  soft  powder,  of  a  deep  blue  inclinii 
purple,  without  either  taste  or  smell.     It  undergoe 
change  though  kept  exposed  to  the  air.      Water 
not  dissolve  any  part  of  it,  nqr  produce  any  change  \ 
it.     Bergman  however  found,  that  indigo,  when 
long  under  water,  underwent  a  kind  of  putrefactio 


♦  Cherreul,  Jwr,  de  Fby,  IxT.  3C9. 


Kiciirtedldied  a  fetid  odour  ^.  When  heat  is  Applied  Chap,  u 
toiodi|ott  emits  a  bluUli  red  »tnoke,  and  kx  Ust  bums 
4Wtf  *ilh  a  very  faint  white  flame,  leaving  behind  it 
tlie«trUi]r  parts  in  the  state  of  ashes  f.  The  purple 
sipokft  asChevrcul  ascertained,  p-jstallixcs  in  needles, 
asd  il  indigo  unaltered. 

NeiUier  oxygen  nor  the  simple  contibostibles  have 
tnj  efFeci  upon  indigo,  except  it  be  in  a  stare  of  aolo^ 
tioa^  and  the  saoie  remark  applies  to  the  metallic  bo- 

The  Exed  alkaline  solutionshave  no  action  on  indigo^  of  »tkalk^ 

cMTpt  it  be  newly  precipitated  from  a  state  oi  solution. 

In  thit  case  they  dissolve  it  with   facility.     The  solu- 

tioo  has  at  first  a  green  colour,  which  gradually?  disap* 

pearSy  and  the  natural  colour  of  the  indigo  cannot  be 

aglia  restored*     Hence  we  see,  that  the  alkalies  when 

CQPoeDtrated  decompose  indigo  t.     Pure  liquid  ammo* 

^kii  »cti  in  the  same  wajr.    JEven  carbonate  of  ammonia 

^Pdiisolvts  precipitated  indigo,  and  destroys  its  colour; 

B  hit  tbe  fixed  alkaline  carbonates  have  no  such  effl-ct  {. 

lime-water  has  scarcely  nnj  effect  upon  indigo  ia  Emit*, 
lUiiiiial  state  ;  but  it  readily  dissolves  precipitated  in- 
digo. The  solution  is  at  fust  green,  but  becomes  gra- 
daiUy  yellow.  When  the  solution  is  exposed  to  the 
iTi  a  slight  green  colour  returos,  as  happais  to  the  so- 
ri;  ''  idigo  in  ammonia  ;  but  it  soon  disappears  |[* 
i  -  of  the  other  alkaline  earths  upon  iodigo  has 
ikftbeno  been  tried  ;  but  it  cannot  be  doubted  that 
thejr  would  act    nearly  as  lime-water,  but  with  more 


f  Ibid  p.  31. 
H  Ibltl-  35. 
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BooV  IV.    energy.     The  other  earths  seem  to  have  bat  littk  4c 

tion  on  indigo  in  anj  state* 
Adda.  '^^  action  of  the  acids  vpon  indigo  has  been  ez» 

mined  with  fcnost  attention,  and  it  certainly  exhibits  tb< 
ToaA  important  phenomena* 
Sotphoric  When  diluted  sulphuric  acid  is  digested  OTcr  indigo^ 

*^^  it  produces  no  effect  except  that  of  dissolving  the  im* 

purities )   but  concentrated  sulphuric  acid  dissolves  ii 
readily*     One  part  of  indigo,  when  mixed  with  eigb 
parts  of  sulphuric  acid,  evolves  heat,  and  is  dissolvec 
in  about  24  hours.      The  solution  of  indigo  is  wel 
known   in   this  country  by  the  name  of  U^mid  iUte, 
Bancroft  calls  it  smlpbaie  ofMigo.    While  concentra- 
ted, ft  is  opaque  and  black  ;  but  when  diluted,  it  as- 
sumes a^ne  deep  blue  colour,  and  its  intensity  is  such, 
that  a  single  drop  of  the  concentrated  sulphate  is  auffi- 
cient  to  give  a  blue  colour  to  many  pounds  of  water  f. 
XiTectofrc-  Bergman  ascertained  the  effect  of  different  reagenta  on 
tSe?uu"      this  solution  with  great  precision*     His  experiments 
I^tc*  threw  light,  not  only  on  the  properties  of  indigo,  bat 

upon  the  phenomena  that  take  place  when  it  is  used 
as  a  dye-stuff*.  The  following  is  the  sum  of  these  ex- 
periments ; 

1.  Dropt  into  diluted  water*     No  change* 
3*  Dropt  into  sulphurous  acid*     Colour  at  first  blue, 
then  green,  and  very  speedily  destroyed. 

3*  In  weak  nitric  acid  it  experiences  no  change* 

4.  In  muriatic  acid.     No  change. 

5«  In  weak  tartaric  acid*    Becomes  gradually  greeD^ 


'*  O^uu^  Y.  aj.  f  Bergmaa,  t.  ;• 
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Hid  (ii  t44  hotirs  bad  astuciied  a  very  pale  yeltow  cc*     CSis^  t 
Jmif,    Colour  not  restored  by  alkiilic5, 
$,  In  vinegar*     Becomes  green,  and  in  four  U'ecks 
j^t^efobttr  disappeared. 

7.  Tt!  %vf 't'  ^nti:h     Bccomes  gfeeo  and  then  coloui 

f,  In  weak  carbonate  cf  potash.     The  same  changes, 
fcnt  more  slowly.      If  the  solution  be  %*cry  weak^  the 
obur  of  the  indigo  Is  not  destroyed. 
g»  Soda.     The  same  as  pot;ish. 
iO«  In  ammonia  and  its  earbonate.    Colour  becomes 

Hp  and  then  disappears, 
IK  1  n  a  weak  sol  u  u  on  of  su  1  phate  of  soda .     Colo  or 
some  weeks  bL*come$  green. 
In  niirei  common  sahj  and  sal  ammoniac.     No 


19.  In  tartrate  of  potash .     Became  green  and  then 

«loin^le«  ^  - 

14.  In  a  5oiaiion  of  sugar.    Became  green  and  at  last 
yellowish. 
I5«  In  aium.     No  change. 
M,  In  sulphate  of  copper.     No  change, 
n.  In  sulphate  of  iron.     Colour  became  green,  and 
Ba  three  weeks  disappeared. 

19.  Id  the  sulphurets.     Colour  destroyed  in  a  few 

IP.  Ucalgar,  white  oxide  of  arsenic,  and  orpirocnt^ 
troduced  no  change. 

20.  Black  oxide  of  manganese  destroyed  the  colour 
peompletely. 

21.  In  the  infusion  of  madder.    Colour  became  green, 
ud  It  last  yellow. 


cffMvo 
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^'        22*  In  the  infosioQ  of  woad.   The  same  changes, 
more  speedily  *. 
colotir       From  these  experiment,  it  is  obvious  that  all  th 
substances  which  have  a  very  strong  affinity  for  oxy| 
give  a  green  colour  to  indigo,  and  at  last  destroy 
Hence  it  is  extremely  probable,  that  indigo  becoc 
green  by  giving  out  oxygen.   Of  course  it  owes  its  b 
colour  to  that  principle.     This  theory  was  first  suggc 
ed  by  Mr  Haussman,  and  still  farther  confirmed 
Berthollet  t*.     Now  it  is  only  when  green  that  it  is  i 
state  capable  of  being  held  in  solution  by  lime,  all 
lies,  &c.  in  which  state  it  is  applied  as  a  dye  to  clo 
The  cloth,  when  dipt  into  the  vat  containing  i:  tl 
dissolved,  combines  with  it,  and  the  blue  colour  is  i 
stored  by  exposure  to  the  atmosphere.     It  may  be 
stored  equally  by  plunging  the  cloth  into  oxymuria 
«cid*     Hence  the  restoration  cannot  but  be  ascribed 
oxygen.     Hence  then  the  reason  that  sulphurous  ac 
^be  vegetable  acids,  sulphate  of  iron,  give  sulphate 
indigo  a  green  colour. 

From  these  experiments,  we  see  also  that  the  cole 
of  indigo  is  destroyed  by  the  addition  of  those  substa 
ces  which  part  with  oxygen  very  readily,  as  the  b]a 
oxide  of  manganese.  In  that  cas^  the  indigo  is  destro 
ed,  for  its  colour  capnot  be  again  restored.  When  t 
sulphate  of  indigo  is  poured  into  boiling  water,  it  i 
fords  a  green-coloi^red  solution  ;  but  with  cold  watei 
deep  blue  solution.     What  is  calle4  smoking  splphui 


^  BergretD,  ▼.  t. 

f  See  Jmr»  de  Pbyt.  1788 ;  BertlioIlet*f  Notes  on  Pointer  sur  Vjiwi 
h  TetMiwre,  p.  1 70  ;  aod  Berthollet  op  Djt':mg, 
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mH  dissolves  indigo  much  more  readily  than  the  pure 

9md,  wi  evolves  much  more  heat  duritig  the  solution, 

Bncholi  baa  shmvo,  that  by  boiling  sulphur  in  pure 

^ulphutic  acid,  it  Hcquirei  the  property  of  dissolving  in- 

^<iigo  m  readily  as  the  smoking  add*. 

Nitric  acid  attacks  indigo  with  great  violence ;  the  e- 

itioo  of  abund*ince  of  heat  and  nitrous  gas.     When 

lie  apecjfic  gravity  1'52»  it  even  sets  fire  to  indigo. 

bis  fact  was  discovered  by  Mr  Woulfe.     He  commu* 

itcstcd  it  to  Rouelle,  who  exhibited  it  in  his  lectures. 

g<  first  published  an  account  of  itf.     When  the  acid 

as  diluted^  the  action  is  still  violenr,  unless  the  proportion 

ml  WUer  be  considerable.      Mr  Hatchett  poured  upon 

100  grains  of  indigo  an  ounce  of  nitric  acid  diluted 

Wth  au  equal  quantity  of  water.      The  action  was  so 

rapid,  that  be  found  it  necessary  to  add  another  ounce 

of  water.    When  the  eflfcrvcscence  had  nearly  subsided, 

the  liquid  was  placed   on  a  sand  bath  for  some  day^^ 

a&d  evaporated  to  dryness.      Water  poured  upon  the 

rtiidimm  dissolved  a  considerable  portion  of  it,  and 

formed  a  beautiful  deep  yellow  solution  of  an  inicnsc 

liner  taste.     This  solution  contains  only  a  very  sm^tli 

partioQ  of  oxalic  acid  ;  but  with  a  solution  of  isinglass 

it  fom^s  a  copious  yellow  insoluble  precipitate,  aod  of 

coone  oontaiDS  a  poition  of  artiiicial  tanuin.    With  am* 

wm^t  crystals  precipitate,  consisting  of  iitUr  principle 

combined  with  ammonia  %* 

Wbea  four  parts  of  nitric  acid  are  boiled  upon  one 
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BopklV,    pippj  Qf  indigo,  the  pigment  sooa  loses  its  colour,  and  is 

dissolved.     The  solution  becomes  yellow,  and  a  thin 

lajer  of  a  resinous  matter  appears  oo  the  surface.     If 

the  process  be  now  stopt,  the  resinous  matter  becomes 

firm  by  cooling.     If  this  matter  be  removed,  and  the 

solution  evaporated  to  the  consistence  of  honey,  redis- 

x>Ived  in  hot  water  and  filtered,  pota&li  throws  down 

yellow  spiculsr  crystals,  consisting  of  biUer principh 

combined  with  potash.     These  crystals  have  the  curi* 

out  property  of  detonating  with  a  purple  light  when 

wrapt  up  in  paper  and  struck  with  a  hammer  ;  the  re« 

sio,  by  treating  it  with  fresh  nitric  acid,  may  be  coovert- 

ADdben*o-  ^  '^^  ||,g  ^^^^  bitter  principle.      If  the  process  be 
ic  acfd»  t  •  .  . 

Stopt  sooner  than  the  pomt  mentioned  above,  yellow 

cxystab  are  obtained,  which  are  more  soluble  in  water, 

and  which  sublime  in  white  needles,  having  all  the  pro* 

perties  of  benzoic  «cid.    These  curious  facts  were  as« 

oertained  by  Fourcroy  and  Vauquelin  *. 

Thus  it  appears,  that  by  treating  indigo  with  nitric 
acid,  it  is  converted  into  tannin,  oxalic  acid,  benzoic  a* 
cid,  and  Uttn-  principle. 
"^Sct"  ^  Muriatic  acid  does  not  act  upon  indigo  in  its  com- 

moa  state,  but  it  readily  dissolves  indigo  precipitated 
from  the  sulphate,  and  forms  a  blue-coloured  solution. 
The  same  phenomena  are  exhibited  by  the  phosphoric, 
acetic,  tartaric  acids,  and  probably  by  all  except  the  a- 
cid  supporters  t- 

Oxy muriatic  acid  destroys  the  colour  of  indigo  as 
readily  as  nitric  acid  and  obviously  for  the  same  rea- 
son t' 


mphit.  Mrg.  iziil  2^6.  t  Bergman,  v.  ai.  .   |  IbkL 
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Alcohol  &%m\vt%  a  smiU  proportion  of  indigo,  fem    ./^fa^^'^. 
k  gTtdmlljr  precipitnlcs  ftg^ti  diilesB  red  mitttfth^  pre- 
sent, in  wJnth  case  the  solution  \%  pcrtnancni  *, 

InSgo  is  not  act?<l  tipoa  by  ether  or  oih,  at  Icait  If 
tbc  expcrimeots  of  Bergman  be  accurate  f . 

When  Indigo  is  misted  up  with  bran,  woad,  and  o- 

tlrer  imular  snbstance«  which  readily  undergo  fermen* 

tatiodf  it  assumes  a  green  colour  during  the  fermenta- 

ticnit  and  ii  then  easily  dissolved  by  lime  or  potash.    It 

is  br  tlih  proccf's  that  it  is  usually  rendered  proper  for 

When  indigo  is  distilledt  it  yields  products  difiercnt  A<*»o»«* 
from  anj  other  vegetable  substance,  if  the  accuracy  cf 
Bfergmau  is  to  be  trusted.     He  distiHed  576  grains  in  a 
small  retort  connected  with  a  pneumatic  apparatus.    He 
obtained  the  following  products : 

19  grains  carbonic  acid  gas 
113       '     of  a  jellaw  icid  liquid  containing  ainmonia 

53 oU 

351  ■  charcoal 


5101 

He  observed  no  other  gas  bitt  carbonic  acid.  The 
e^mment  ought  to  be  repeated :  if  it  prove  true,  no 
other  vegetable  substance  agrees  with  it  in  this  respect 
caoopt  gallic  acid*  The  oil  was  black,  and  had  the  smell 
of  tobicco.  It  dissolved  readily  in  alcohol.  The  quan- 
tity of  charcoal  appears  enormous  i  but  Bergman's  ex* 
pcrimcnt  was  made  with  common  indigo;  ther«£<3f 


•  CbffiTtit,  /firr.  it  Fiyt^  l*t#  jojv 
9  iergmap,  f»  jf. 
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iirG^DZXNts  or  pulnt^.     ' 

'i58  grains  of  earth  and  iron  are  to  be  subtracted  froitt 
the  sum.  This  decomposition  indicates  the  presence  of 
oxygen,  carbon,  hydrogen,  and  azote  in  indigo.  Tho 
proportion  of  the  two  first  constituents  is  uncommonly 
great. 

Chevreul  lately  subjected  comoaon  indigo  to  distilla. 
tion.  The  products  ob tamed  were,  1.  ammoniacal  wa^ 
ler.  2«  Sulphur,  probably  combined  with  oily  hydro- 
gen* 3.  A  thick  brown  oil  containing  carbonate  and 
acetate  of  ammonia.  4.  Prussiate  and  hydrognreted 
sttlphuret  of  ammonia.  5.  A  purple  substance  crya- 
tallized  in  silky  threads  on  the  dome  of  the  retort*  It 
waa  pure  indigo.  0.  A  bulky  charcoal  yielding  pnia- 
aic  acid  when  coloured  with  potash.  7.  Gases  not  ex- 
amined. 

Such  are  the  properties  of  indigo,  as  far  as  they  have 
been  aKertained.  To  descant  on  its  importance  ia  quite 
unnecessary.  It  is  perhaps  the  most  valuable,  and  cer* 
t^ly  the  most  permanent,  of  all  the  dye-stuffs. 


SECT.  XII. 


OF  GLUTEK. 


Extrtctioii.  "  wheat  flour  be  kneaded  into  paste  with  a  little  wa- 
ter, it  forms  a  tenacious,  elastic^  soft,  ductile  mass. 
This  is  to  be  washed  cautiously,  by  kneading  it  under 
a  sniall  jet  of  water  till  the  water  no  longer  carries  off 


•ay  Utbg,  btil  runt  eft  colonrless  *  what  retnaiDS  be-     caa^f 
liittd  is  Cttlkd  ghien.     It  was  discovered  by  Beccarit, 
«a  Ilmliasi  philosophcTi  to  whom  wc  arc  indebted  for 
Uir  frtt  analysts  of  wheat  flour  *. 

1.  Gluten^  when  thus  obtained^  is  of  a  grey  colour,  Pf^pitkB. 

cxcecsdingly  teoacious,  ductile,  and  elastic,  and  may  be 

cxtendied  to  twenty  times  its  original  length.     When 

irery  thin,  it  tsofa  wKitish  colour,  and  has  a  good  deal 

of  Tctrmbhocc  to  animal  tendon  or  membrane.    In  this 

slate  it  adheres  vtty  tenaciously  to  other  bodies,  and 

bts  often  been  used  to  cement  together  broken  pieces  of 

pwcdato.      Its  smell  is  peculiar.      It  has  scarce  any 

tgifee,  and  d«es  not  lose  its  tenacity  in  the  mouth.  When 

exposed  to  the  air,  it  assumes  a  brown  colour,  and  be* 

comes  as  it  were  covered  with  a  coat  of  oil, 

Wlien  espcsed  to  the  air,  it  gradually  dries ;  and 
vboi  cofDpIeteFy  dry,  it  is  pretty  hard,  brittle,  slightly 
tnatparent,  of  a  dark  brown  colour,  and  has  some  re- 
loabbace  to  glmt.  It  breaks  like  a  piece  of  glass,  and 
Ae  edges  of  the  fracture  resemble  in  smoothness  thos« 
of  broken  glass  \  that  is  to  say,  it  breaks  with  a  vitreous 
^ictttre« 

Fitih  glmen  imbibes  water,  and  retains  a  certain   Soluble  in 
^ttinthy  of  it  with  great  obstinacy*     To  this  water  it 
cwcs  its  elasticity  and  tenacity.     When  boiled  in  water 
it  l«Ki  both  these  properties. 

2.  When  fresh  gluten  is  macerated  for  a  considerable 
dme  in  cold  water,  the  liquid  becomes  opaque,  and  con- 
laiDS  small  films  suspended,  which  do  not  soon  subside. 
9|  tep^led  filtrations  it  becomes  transparent  \  but  it 


Vd.V. 
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Eo^  IV.  holds  in  solution  a  little  gluten,  which  renders  it  frothy^ 
and  gives  it  the  property  of  precipitating  when  mixed 
with  ozjmuriatic  acid  or  the  infusion  of  nutgalU.  Thus 
gluten  is  to  a  certain  extent  soiuhle  in  cold  wmter* 
When  the  water  is  heated,  tlie  gluten  separates  in  the 
state  of  yellow  flakes*. 

When  kept  moist,  it  very  soon  begins  to  decompose, 
and  to  undergo  a  species  of  fermentation.  It  swellSy 
and  emits  air-bubbles,  which  Proust  has  ascertained  (• 
consist  of  hydrogen  and  carbonic  acid  gases  f  •  It  enuts 
also  a  very  offensive  odour,  similar  to  what  is  eoiitted 
by  putrefying  animal  bodies.  Cadet  kept  gluten  in  a 
vessel  for  a  week  in  a  damp  room.  Its  surface  became 
covered  with  byssi,  the  fermentation  just  mentioned 
had  commenced,  and  the  odour  was  distinctly  acid.  la 
24  days,  on  removing  the  upper  crust,  the  gluten  was 
found  converted  into  a  kind  of  paste,  of  a  greyish  white 
colour,  not  unlike  bird-lime.     In  that  state  he  gave  it 

Fennetited  |he  name  tki  fit menUd  gluten  X*  If  the  gluten  be  still 
left  to  itself,  it  gradually  acquires  the  smell  and  the  Uute 
of  cbtese.  This  curious  fact  was  first  ascertained  bj 
Rouelle  junior.  In  that  state  it  is  full  of  holes,  and 
contains,  the  very  same  juices  which  distinguish  some 
kinds  of  cheese.  Proust  ascertained  that  it  contains 
ammonia  and  vinegar ;  bodies  which  Vauquelin  de« 
tecttd  in  cheese :  and  ammonia  robs  both  equally  of 
their  smell  and  flavour  }• 


*  FoQfCToy  and  Vauquelin,  jMualet  it  Mug,  iTHut,  Nat,  No,  zzxf a. 
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Fowrcnjj  Ktid  Vauqaeliti  htve  examJacd  the  changes 
iwhlch  gluten  suftains  when  left  for  some  months  to  ^It- 
trify^nidcr  wmter.     When  left  in  that  liquor^  at  the 
teojienmire  of  54^,  it  swells,  becomes  sour  and  fetii), 
md  rbet  10  the  surface,  giving  out  carbonic  acid.     The 
wmler  acquires  the  property  of  giving  out  a  red  co- 
loot  to  paper  stained  with  litmus.     The  iixed  alkalies 
dltsefignge  ammonia,  and  oxy muriatic  acid  and  infusion 
of  outgaDs  throw  down  a  precipitate,  indicating  the  pre*- 
fence  of  gluten  in  solutioo.     When  sugar  is  dissolved 
in  this  water,  the  liquid  assumes  the  properties  of  vi- 
negar^ witiiout  fermentation  or  contact  of  the  aemos- 
libve*      If  the  gluten  be  put  again  into  water  at  the 
nme  temperature^  the  fermentation  goes  on,  carbonic 
u^  ts  diseiigageci»  and  the  liquid  slightly  reddens  lit- 
mm  pspc^r*     The  reagents  indicate  the  presence  of  glu* 
m  mi  amtiumia*     The  gluten^  which  forms  a  pellicle 
on  the  sur&ce  of  the  liquid,  becomes  first  purple  co- 
loured, and  then  blackish  grey,  and  exhales  the  fetid 
odaoT  of  putrefying  mucous  membranes.    The  water  it 
now  blackish  i  it  gives  a  brown  colour  to  nitrate  of  sil- 
ft!,  blackens  nitrate  of  mercury^  becomes  milky,  and 
\(M%  ii%  vmell  when  mixed  with  oxy  muriatic  acid^  and 
ii  oot  precipitated  by  infusion  of  nutgalls.     After  three 
aumtks  puuefaction,  the  gluten  was  greatly  diminished  ; 
it  had  a  brown  colour,  and  exlialed  only  a  weak  smell. 
Wltei)  dried  it  formed  lumps,  which  emitted  the  odour 
of  the  earth  from  a  burial  ground.     They  softened  un<« 
der  the  fingers,  and  burned  like  fat.    In  alcohol  it  partly 
diisolred,  leaving  behind  it  a  substance  which  resem- 
Med  woody  fibre  in  its  properties  •.    Thus  by  putrefac- 


Chap.  I.  ^ 
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BotkW,  tioa  gluten  is  coBTcrted  into  emriomc  dcid*,  am»tmi^$  ft 
/mity  mSKtier,  and  a  tubstanoc  analogous  to  wom^JStrtm 
Acdoo  of  3*  Fresh  gluten  does  not  sensihlj  dtssolre  k  akolwl^ 
•IcoiioL  ^ich  even  throws  down  firesh  gluten  from  w«lor| 
ytt  in  certain  cases  this  liquid  forms  a  sohitioa  of  ghi^ 
tea  in  very  small  proportion.  I  poured  two  ounoMsoC 
uinoboly  of  the  specific  gravity  0*83T,  upon  100  gioini 
of  pearl  barley  ground  to  a  coarse  powder,  and  aitowoi 
it  to  atind  untouched  foe  two  yearsw  On  evapofattnyiiit 
liqaid,  it  left  behind  it  u  yellow  matter,  whidi  portly 
fiesetthM  an  oil*  Alcohol  digested tipon  thb  sobsMnoe 
took  «p  the  yellow  matter  and  left  gk^em,  easily  ^ 
ofaaUe  by  its  properties.  On  trying  the  saaae  ( 
Meot  with  wheat  fluor,  no  gluten  wan  taken  wp,  fast 
only  t  y«How  matter)  which  postessod  the  pvopertios  of 

Whfen  tHimfitmtmed  gluten  of  Cadet  is  (ritumtod  wM 
a  Kttle  alcohol  into  a  mucilage,  and  then  mmd  orMi  a 
tMlRci«tit  quantity  of  that  liquid,  a  portion  of  it  la  dh* 
M>lved%  This  solution  constitutes  an  excoftent  vawiiai^ 
l*>sseMed  of  considerable  elasticity.  It  may  be  apreai 
over  psf^or  woods  and  when  dry  resists  other  bodiofe 
Itt  weH  as  most  varnishes.  In  this  state,  too,  it  may%o 
mployed  to  oemeot  china  ;  ond  triturated  with  pntOts» 
tspectally  vegetable  colours^  it  forms  a  tory  ftfti 
gtdOnd.  When  this  sohitiofi  is  mixed  w4th  « lofficieut 
qnantity  of  lime,  it  forms  a  wty  good  lute  i  and  bits  of 
VMn  dipt  in  it  adhere  very  stiongly  to  oMier  bodios  \ 

4*  Ethtrr  does  not  sensibly  dissolve  gluten. 


«  Cadc^  ibw.  dk  fiUb.  itt.  Ji4. 


OLVtZH* 

Sft  Aodtmfit  upon  gUifim  differcntlj  according  to  the 
^fetuBtr  propmica  of  earh ,  ackj., 

^M  CSowiiHrtled  ioettc  acid  dissoivet  it  readily  in  consi- 
^HhnUift^OWititj,  and  without  altering  its  nature.  The 
^HWiHioQ  tt  mxkiiy,  but  permanent ;  and  the  gluten  may 
be  tKrowQ  dovfti  by  means  of  alkalies.  This  acid  di>* 
lolwt  the  fermetited  gluten  of  Cadet ;  and  the  solution 
w^  b«  substituted  for  the  solution  ia  alcohol  as  a  var- 
waA  I  but  it  does  not  answer  to  oaix  it  with  colours  *. 
Oooccntrmted  sulphuric  acid  renders  it  violet  oolour- 
^^■dy  mnd  mt  last  black ;  inflammable  air  escapes,  and 
HMbarcotl^  water,  and  a  portion  of  amrooma«  are  form* 
•df.  When  nitric  acid  is  poured  on  it,  and  heat  ap- 
plied,  there  is  a  quantity  of  azotic  gas  emitted,  as  Ber- 
thiiUet  discovered ;  and  by  continuing  the  heat,  some 
btk  oxalic  acid  is  formed  t»  and  likewise  malic  acid^ 
while  m  oitmber  of  yellovr-coloured  oily  flakes  make 
^■Ur  ^pearance  in  the  solution, 
^^p  If  iirMUae  acid  dissolves  gluten  with  facility  when  its 
^P^oo  if  Mmfeed  by  heat.  When  gluten  is  placed  in 
oiyiDitrialic  acid  it  softens,  and  seems  to  dissolve,  but 
taw  CTi^gMlatn  again  intoyellow*coloured  flakes,  which 
lacOBig  Ifin^iarenl  and  greenish  coloured  by  drying, 
Wbeii  heated,  ihey  exhale  oxyinuriatic  acidf  and  as- 
tlie  appearance  of  common  gluten  }•  This  acid 
Ike  property  of  precipitating  gluten  from  water  in 

teof  yelkmish  white  flakes* 
0*  Aikaliea  dissolve  gluten  whea  they  are  insisted  Aijkmiifi, 


I  Vltiquelifl,  Mm*  A  Clim,  VI*  178. 
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Bookiv.^  by  heat.  The  eolation  is  never  perfectly  transparent. 
Acids  precipitate  the  gluten  from  alkalies,  bat  it  is  del- 
titote  of  its  elasticity  *.  Alkalies,  when  mach  concen- 
trated, form  with  it  a  kind  of  soap,  converting  it  into 
oil  and  ammonia ;  which  last  is  dissipated  during  the 
trituration. 

Nutgallf,  Y.  Gluten  is  precipitated  from  water,  and  from  some 

of  its  other  solutions,  by  the  infusion  of  nutgalls.     The 
colour  of  the  precipitate  is  usually  yellowish  brown, 
and  it  does  not  dissolve  though  the  solution  be  heated. 
8.  The  action  of  the  metallic  oxides  and  their  smltt 
upon  gluten  has  not  been  tried. 

It  has  a  strong  affinity  for  the  colouring  matter  of 
vegetables,  and  likewise  for  resinous  bodies. 

u^  0.  When  moist  gluten  is  suddenly  dried,  it  swells 

amazingly.  Dry  gluten,  when  exposed  to  heat,  cracks, 
swells,  melts,  blackens,  exhales  a  fetid  odour,  and  bnms 
precisely  like  feathers  or  horn.  When  distilled,  there 
come  over  water  impregnated  with  ammonia  and  an 
empjrreumatic  oil ;  the  charcoal  which  remains  is  with 
flifficalty  reduced  to  ashes. 

*  10.  The  properties  of  this  substance  dearly  point 
out  a  resemblance  between  it  and  animal  matter ;  and 
the  phenomena  of  its  fermentation  and  destructive  dis- 
tillation show  us  that  oxygen,  hydrogen,  carbon,  and 
azote,  are  constituents  of  it.  Proust  first  observed  that 
the  vapour  which  it  emits,  while  fermenting,  blackena 
silver  and  lead,  and  of  course  contains  sulphur. 

11.  like  all  other  vegetable  principles,  gluten  is  sus- 
ceptible of  various  shades  of  properties,  which  consti* 


Fourcroy* 


tote  so  vMmy  ipecits;  In  wlie«t  io«r  k  oecor»  in  the 
greatrtt  tbtiirclMpe^  ftti<i  froni  it  we  cim  exlr«el  it  with 
the  ffrateast  ease:  Bift  the  iirgacity  Mid  ttiduMry  of 
RoDtlle  and  Proosl  hare  detected  us  presence  in  nanj 
othrr  Tcgetable  sub&taficcf*  Ronelle  fomid  tl  in  ihe 
Ict^nes  of  M  tl»e  vegetable  substances  whfcfi  be  ezami- 
tted«  The  exactne$i  of  thit  optnian  was  called  In  qoes- 
lioii  hj  FourcTOj,  who  treated  the  cxpefiments  of 
Hooelle  with  contempt ;  but  it  has  been  lately  exami- 
ned^ mnd  con&rmed  by  very  decisire  expertmenCB  of 

^  When  the  juice  of  cabbage  leares,  cfe^e»,  scurvy-   orcen  fcm- 
,  and  other  similar  plaDts*  is  eatiracted  by  pressure    ^'JJ,^]*^ 
passed  through  a  cloth,  it  still  cociiicnei  far  from 
Of.     Its  muddiness  isowing  to  a  itesoft  utky 
powder  suspended  in  it^  which   sub^dr%  to  the 
^%9lliMa  so  alowly  as  to  take  at  least  a  week  befoftK  it 
H^esitcd.     Tliis  grteo  powdtrhas  been  disiJngtiish* 
ti  by  the  name  of  the  grtemfitula  of  plants,     Roildk 
list  examined  it  with   attention,  and  aaetfftined  tts 
pr^pcfttes;  and  the  subject  has  been  catried  siill  fjrthcr 
kj  RtiDSt*    The  slowness  with  which  it  snbvide%  shows 
tbtt  its  specific  gravity  doers  not  differ  much  from  that 
of  vviler^    When  once  tt  has  fallen^  it  isinsolcble.  This 
ndbtsfice  con^sts  chiefly  of  three  pdnctples :    ].  A 
grtts  taatfter  to  which  it  owes  its  colour,  sepdjraied  by 
dipitioo  in  akoboly  and  which  poaaesaes  die  propertrea 
if  I  feme.     2.  A  sabstance  which  consists  chiriy  of 
iamijfihrn<t  and  whuh  is  left  bebiiid  when  the  lecuta 
is  ^geiied  in  potash*     S.  A  species  of  gfuvcn,  nHcb 
aeDttitiUes  the  greatest  part  of  it^  and  to  wiiich  it  owes 
in  chtnketerisiic  properties. 


fiooknr. 
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When  tbe  juice  of  the  plants  is  exposed  to  a  heal  of 
about  130^,  the  green  fecula  undergoes  a  kind  of  po* 
agulation,  concreting  into  large  flakes^  which  subaidt 
very  quickl/*  At  this  tcniperatare  albumen  ia  nol  il- 
lered  hy  heat*  ThU  is  the  method  commonly  taken 
to  clarify  these  juices.  We  see  from  it,  that  the  fecula 
was  united  to  the  water  by  a  very  small  force,  which 
the  addition  of  heat  weakened  sufHciendy  to  enable  the 
glotcfi  to  cohere*  This  coagulation  by  heat  takes  |»lace 
how  diluted  soever  the  juices  are  with  water  \  whicli 
is  by  no  means  the  case  with  albumen.  It  is  tlirowo 
down  also  by  the  addition  of  a  little  ^1cohoI»  by  all 
acid9»  by  ammonia^  by  sulphureted  hydrogen  gas,  or  by 
tlu'owing  into  the  liquid  cryatals  ©f  carbonate  of  potash, 
magnesia,  common  gait,  muriate  of  potash^  nitre,  sal 
ammoniac^  6cc. 

When  separated  from  water  it  soon  dries,  and  b^^M 
comes  clastic,  and  somewhat  of  the  appearance  of  hom^^ 
and  ta  that  state  is  scarcely  softened  by  hot  water* 
When  treated  like  gluten,  it  gradually  acquires  the 
cheesy  taste  and  smell.  When  kept  under  water  it 
very  soon  begins  to  putrefy,  and  exhales  a  gas  which 
blackens  silver  and  solutions  of  lead.  This  speedy  pu* 
trefaction  in  stagnant  water  takes  place  when  flax  and 
hemp  are  steeped.  These  substances  contain  green 
fecula  in  their  rind,  and  the  putrefaction  occasions  the 
separation  of  the  whole,  which  could  not  otherwise  bt 
accomplished.  The  water  which  has  been  allowed  to 
remain  for  a  whole  year  over  green  fecula  contains  sul. 
phureted  hydrogen,  carbonate  of  ammotiia,  and  gluten 
seemingly  held  in  solution  by  the  ammonia.      The 


▲LBCi 


IS 


of  pDtref;u:tioii  siUl  coatinues  even   after  the    ^  CStm^h 
waUr  has  brcu  boiled  *.  ' 

12»  The  aumber  of  plviu  containiog  gluten  is  very  WMM»c«t 
cticiiiikrab)e«  Promt  found  it  iu  acorns,  chesnuls,  i^^ 
iMKic-ebcioiitt  m%  barlcjr,  rye^  peas^  and  bdins ;  and 
la  ftpjiles  and  quinces.  He  found  it  also  in  the  leaves 
of  cabbagCy  scdums,  cressp  hesDlock,  borage,  sa^ron, 
iLc<.  i  in  the  berries  of  the  elder,  the  grape^  &c*  |  in 
a^  petalf  of  the  roie,  &lq  f «  It  occurs  aho  in  several 
roots  :  Prottil  could  find  none  in  the  potato. 

13.  Gldteo  must  be  considered  as  one  of  the  mosi 
oirful  of  th«  vogetable  principles.  It  constitutes  an  es* 
leodal  togredient  in  wheat,  and  is  the  substance  which 
rtoders  fiour  of  wheat  so  Et  for  forming  bread*  It 
BCios  also  to  constitute  the  essential  part  of  jest.  Its 
uses  ti  t  varnish,  a  ground  for  paiat,  &c.  pointed  out 
hf  Cadel,  likewise  deserve  attention. 


SECT.  XIII. 


or    A  t  B  UM  E  K. 


AuiMEK  h  the  term  by  which  chemists  have  agreed 
Id  deooce  the  whtie  o/tgg,  and  all  glary  tasteless  sub* 
Kmcei  wbicb,  like  it»  have  the  property  of  co9guIatin|f 
iilo  s  white,  opaque,  tough,  solid  substance,  wbeis 


•  Prmft  /«vf  *  4t  Phy.  IyL  97* 
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heated  m  little  under  the  boiling  point.  This  substsnev 
forms  a  constitaeut  of  manj  of  the  fluids  of  amin^l  bou 
dies ;  and  when  coagulated,  it  constitutes  also  an  iow 
portaat  part  of  their  solids.  Substances  analogoiKa  to 
it  bad  been  noticed  bj  chemists  in  the  vegetable  kutg-* 
dom.  Scheele  afRrmed,  as  early  as  1780,  that  the 
greater  number  of  plants  contained  a  substance  aimlo^ 
gous  to  curd*.  Fourcroj,  about  the  year  ITOO,  air« 
flounced  the  existence  of  albumen  in  a  variety  of  plants  f  ; 
but  Proust  has  sinci  shown,  that  the  substance  which 
he  took  for  albumen,  and  which  had  been  already  exmm 
mined  by  Rooelle,  was  not  possessed  of  the  propertieft 
which  characterise  that  animal  matter  %»  But  Vanqne. 
Kn  has  lately  diacovered  albumen  in  abundance  in  the 
joice  of  the  papaw  tree  ;  so  that  its  eidstence  as  a  vege^ 
table  principle  cannot  be  disputed. 
Fomid  in  The  fapow  trtt^   the  cartea  papaya  of  botanistf^ 

JScr  grows  in  Peru,  &c.  and  in  the  Isde  of  France,  where 

the  milky  juice  that  exudes  from  it  is  said  to  be  enw 
ployed  with  efficacy  against  the  Guinea  worm.  Two 
specimens  of  this  juice  were  brought  from  that  island 
to  Paris  by  Charpentier  de  Cossigny.  In  the  one,  the 
juice  had  been  evaporated  to  dryness,  and  was  in  the 
state  of  an  extract ;  in  the  other,  the  juice  was  pre* 
served  by  being  mixed  with  an  equal  bulk  of  nun. 
Both  were  subjected  to  a  chemical  analysis  by  Vauque* 
4ttt.  The  first  was  of  a  yellowish  white  cobur,  and 
^temitransparent.  Its  taste  was  sweetish.  It  bad  ne 
%meU,  and  was  pretty  solid  ;  but  attracted  moistnre 


•  Scheefe,  ii.  $$•  t  <^**  ^'  ^<«'«  ui*  S59> 
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whcD  kcpl  in  a  damp  ^tefc.'^-Tlie  second  i^as  reddish 
bfi>wciy  mad  bMi  the  nnrU  iiih)  taste  of  boikd  hetil\ 
When  t&e  firM  9pecitiieti  was  m«icrrated  in  cold  water| 
the  ^rrnteftt  part  <»f  it  drs&olvtrdt  The  soluiion  frothed' 
vrnh  soap,  lljc  addition  of  nitric  acid  coagulated  it, 
ami  readered  ft  while ;  and  wKen  boiled^  it  threw  down 
aboiidaiice  of  white  flake;).  Tbesc  flakes  were  coagu* 
hted  atbameii  *. 

Other  specimeDS  of  thii  jutce,  both  in  the  Hquid  and 

iad  stale,  bav<:  been  examined  more  recently  by  V;tu* 

clinf,  and  likewise  by  Cadet  t* 

The  essential  characters  of  albumen  are  the  follow* 

;  1»  In  its  fiatural  state  it  h  soluble   in  water,  and 
1%  a  gUry  limpid  liquid,  having  very  little  taste  ; 
vbicb  atay  be  employed  as  a  paste,  and  which  forms  a 
Tdy  sbbing  vftrnish. 

f  •  The  solution  is  coagulated  by  acids,  pretty  much 
in  the  same  way  as  milk  is  coagulated  by  the  same  re* 
sgcnts. 

'i.  When  not  too  much  diluted,  it  is  coagulated  alio 
wko  heated  to  the  tetnperaiure  of  lid*'- 

4«  Albomen  dissolved  in  water  is  precipitated  in  the 
ittte  of  brown  Dakes  by  the  infusion  of  tan. 

S,  The  solution  is  equally  coagulated  when  mixed 
wHli  alcohol* 

■^  Atbamcn  is  precipitated  from  water  in  the  state 

of  wbite  powder  by  the  salts  of  most  of  the  white  me^ 

,   nU;  ftjch  as  silver,  mercury,  lead,  tin,  &c,  ♦' 


Olu.^  t. 


Propcxtkii 


*  iM.  ^  C^tm*  iIuL  S67, 
I  Ibid.  iln.2|0,«fid  L3J9. 
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The  juice  of  the  papsiw  possessed  all  these  propor* 
ties  *.  It  therefore  contained  albumen.  In  few  other 
regctable  productioos  has  this  substance  been  yet  found 
JO  such  abundance,  or  in  a  state  in  which  its  properties 
were  so  decidedly  characteristic  ;  but  the  resembliuice 
between  the  curd  of  milk  and  albumen  is  very  clo«e»  at 
we  shall  see  afterwards.  Now  Proust  has  ascertained 
that  almonds,  and  other  similar  kernels  from  whiob  e« 
mulsions  are  made,  contain  a  substance  which  hat  the 
properties  of  curd  f* 

Albumen  when  burnt  emits  ammonia  ;  and  wbos 
treated  with  nitric  acid,  yields  azotic  gas.  It  evidcntljTy 
then,  contains  azote.  But  as  it  is  more  properly  ana* 
nimal  than  a  vegetable  substance,  I  shall  defer  giving 
any  farther  account  of  its  properties  till  I  come  to  imil 
of  animal  bodies. 


1 


The  papaw  is  not  the  only  plant  which  contaios  ihis 
Vegetable  albumen  in  abundance.  The  juice  of  the 
fruit  or  pods  of  the  hibiscus  escuUntus  contains  it  also  IJS 
such  quantity  that  it  may  be  employed,  as  I  am  inforin- 
ed  by  Dr  Clarke  of  Dominica,  as  a  subbtitute  for 
whites  of  eggs  in  clarifying  the  syrup  of  the  sugarcane* 
By  tl)e  same  gentleman  I  have  been  informed  of  a  cu- 
rious property  which  the  green  juice  of  the  papaw  pos- 
sesses* Meat  (even  salt  meat),  when  well  rubbed  with 
\Xf  becomes  in  about  an  hour  quite  tender.  People  Are 
not  fond  of  eating  meat  which  has  been  made  tender  bjr 
this  means^  though  Dr  Clarke  assures  me  he  baa  eaten 
it  without  any  bad  eifect  whatever. 


e  Vauqiielia,  Ann^  dt  CUm*  sliii  S67* 


E^oittrcroj  mnd  Vstiquelin  have  lately  found,  10  the    .  Q^P*  ^ 
polkn  of  tiic  phanix  dactUifrra  or  date  tree,  a  5ub-   Found  in 
UMOfx  which  possesses  properties  analogous  to  aih/mm.  0/^^^  phL- 
Bj  Vrnqaelin,  in  his  recent  analyses,  it  is  usually  dc-  ni»<Jactili- 
iHMMUlted  megfto^animai  principle^ 

When  the  pollen  of  this  tree  was  digested  io  cold 
miter,  isd  the  liquid  evaporated,  a  brotvn  substance  re- 
■iitiied*  A  portion  of  this  extract  dissolved  in  alco- 
hol I  ancclier  portion  in  water ;  and  a  third  remained 
iaiolahle  in  both.  The  portion  soluble  in  water,  when 
with  mmmoniay  let  fall  a  quantity  oi pbctphati  of 
The  solution^  concentrated  by  evaporation, 
crystalt  of  malate  of  ammonia.  After  the  se* 
pvatMMi  of  tbese  m  substance  still  remained,  which 
m  copioiis  precipitate  with  infusion  of  nutgalls, 
other  properties  similar  to  albumen  *. 


SECT,  XIV. 


OT  jriBRtK. 


TfliiT  peculiar  substance  which  constitutes  the  fibrous 
ptrt  of  the  miisdes  of  animals  has  been  called ^rsjv  by 
chenditi.     A  substance  resembling  it,  as  it  exists  in  the 


^loBRnpy  and  Vtn^asliB,  dtumUi  J*  Aiiufvm  d'Hiaoke  NstMrtUf^, 
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Btoknr*  bloody  has  been  detected  by  Vauquelin  in  the  juice 
tbe  papaw  tree  ;  the  same  juice  which  contained  mlb 
men  in  such  plenty.  Fibrin  then  must  be  ranked 
mong  TCgetable  substances, 

Jj***'"  When  the  juice  of  the  papaw  is  treated  with  wato 

the  greatest  part  dissolves ;  but  there  remains  a  su 
stance  insoluble,  which  has  a  greasy  appearance, 
softens  in  the  air>  and  becomes  viscid,  lirown,  and  i 
mitransparent*  When  thrown  on  burning  coals 
melted,  let  drops  of  grease  exude,  emitted  the  noise 
ineat  roasting,  and  produced  a  smoke  which  had  t 
pdonr  of  fat  volatilized.  It  left  behind  it  no.re8idi 
This  substance  was  the  Jibriu*  The  resemblance  \ 
tnreen  the  juice  of  the  papaw  and  animal  matter  is 
close,  that  one'  would  be  tempted  to  suspect  some  ii 
positioo,  were  not  the  evidence  that  it  is  really  the  jui 
of  a  tree  quite  unexceptionable  *•  ^ 

The  properties  of  fibrin  are  the  following  : 

V^^rctket.        1.  It  is  tasteless,  fibrmu,  elastic,  and  resembles  gl 
ten. 

2.  It  is  insoluble  in  water  and  in  alcohol. 

3.  It  is  not  dissolved  by  diluted  alkalies. 

4.  But  acids  dissolve  it  without  difficulty. 

5.  With  nitric  acid  it  gives  out  much  azotic  gas. 

6.  When  distilled  it  yields  much  carbonate  of  ai 
monia  and  oil. 

7*  It  soon  putrefies  when  kept  moist,  becomes  grcei 
but  does  not  acquire  any  resemblance  to  cheese. 

A  fuller  description  of  this  substance  must  be  resc 
ved  for  the  next  Book,  as  it  belongs  rather  fb  the  ar 
mal  than  vegetable  kingdom. 


*  Ann.  de  Cifm,  xUii.  167. 


AtTTER  ntiifeiri.s. 


SECT.   XV. 


OF  THE  BITTER  PRIKCIPLE. 


trr  ptio- 
ciple- 


Ujun  tregeiable  substances  have  an  intensely  bitter 

iod  on  thai  account  are  employed  in  niedicine  ; 

bfrvtriy  &x.     Tilts  is  the  case  with  the  wcod  cif  Plants  con- 

ftmria  amara  and  fMctlsa^  the  common  quassia  of 

siiopi  t  with  the  roots  of  the  gtntiana  bttea^  com- 

ipaiiam  i  the  leaves  of  the  hamulus  iupiius  or  hop  ; 

bark  and  wood  of  the  sparHum  stoparium  or  com- 

on  broom  ;  the  flowers  and  leaves  of  the  antktmis  no* 

UUt  or  chamomile  ^  and  manj  other  substances*    Some 

:  these  bodies  owe  their  bitter  taste  to  the  presence  of 

peculiar  vegetable  subuance  differing   from   every 

oditri  which  may  be  distinguished  by  the  name  of  the 

prinapit* 

chemical  examination  of  this  substance  has  been 
pi^blished  ^  nor  indeed  are  we  in  possession  of 
f  tuetbod  of  separating  it  from  other  bodtesy  or  of  as- 
cectnning  its  presence.  At  the  same  lime  it  cannot  be 
doiblcd  thai  it  possesses  peculiar  characters  ;  and  its 
idioB  on  the  animal  ecoBomy  renders  it  an  object  of 
importaiice, 

h  When  water  is  digested  over  quassia   for  some   Erperi* 
tiai^,  il  acquires  an  intensely  bitter  taste  and  a  yellow   ^^^"'Jr'^ 
aibiif^  but  no  smelL     When  water  thus  impregnated   of  qumisia, 
i»tt&poritcd  Co  dryness  in  a  low  heat^  it  leaves  a  brown. 


M  INOtCOItUn  Of  PLiftVTS. 

BooklV.^  isbqrellow  Bubttancey  which  retains  a  certain  degree  i 
transparency.  It  ccmtiiinea  dtictslo  for  some  tioie,  bi 
at  last  becomes  brittle.  This  substance  I  shall  oonaidi 
as  the  bitter  principle  in  a  state  of  puritj*  If  it  coo 
Uin  any  foreign  body,  it  srast  be  in  a  verj  mioilil 
proportion.  This  substance  I  find  to  possess  the  fbl 
lowing  properties. 

1.  Its  taste  is  intensely  bitter.  Coloor  brownidi  yd 
low. 

Sm  Whco  healed^  softens^eiid  swells^  aed  blackims 
then  bums  away  wisboiiS  flaming  flMMb,aiid  Icapeat 
smiU  quantity  of  ashes. 

S.  Very  aoluUe  la  water  ead  elcolioL 
4.  Does  not  alter  the  colour  of  infiiaioa  of  litmus.;' 
Sm  Lime«weter,  beryles*watBry  and  stroutiwi.walBi 
ooctsiQn  flo  pcecipitate.     Ndtfaer  is  any  piMpiM 
thiowa  down  by  ailicated  potash,  aluminated  pottakye 
snlpBute  oc  magnesia. 

6*  XheaUcalitBoecasieo  aodiangeiatbedlUuleise 
lutsoo  of  the  bitter  principle. 

V.  Oxalate  of  ammonia  oocusions  uo  precipitate* 
8.  Nitrate  of  silver  renders  the  solutioii  muddj,  mm 
a  very  aoft  flaky  yelkiw  tpaedpatete  falls  dowly  to  th 


9.  Neither  corrosive  sublimate  nor  nilrate>of  i 
cncy  occasion  any  precipitate. 

10.  Nitrate  i>f  copper,  and  the  ammeniaoal  i 
of  oopper,  produce  no  change  ;  but  muriate  ef  coppe 
gives  the  white  precipiute*,  which  fidls  wheals  li^ 
mdt  is  dropt  into  water. 

JLlt  Snlphale  and  oxymnriate  of  iroa  oeeasiou  o 
ehftage. 

12.  Muriate  of  tin  renders  the  solution  muddy^  bi 


BltTEIt  fkinctfLZ, 


ottisons  ao  precipitaitey  unless  the  solution  be  conoen- 
tra(ed(  m  thiit  case  a  copious  precipitate  falls. 

15*  Acetate  of  lead  occasions  a  verj  copmns  white 

prvcipftate  ;  but  the  nitrate  of  lead  produces  no  change. 

II*  Muriate  of  zinc  occasions  no  change. 

]5t  Nttmie  of  bismuth  produces  no  changi;^  though 

when  the  aalt  is  dropt  into  pure  water  a  copious  white 

pidfitsie  Eppears. 

10,  Tartar  emetic  produces  no  change  j  but  when 

the  nafttle  of  antiiiiony  is  used,  the  white  precipitate 

•ppctri,  which  alwap  falls  when  this  salt  is  dropt  into 

pttje  water. 

n.  Muriate  and   arseniate  of  cobalt  occasion  no 

18.  Arscnjate  of  potash  produces  no  effects 

19.  Tincture  of  nutgnlU,  infusion  of  nutgalls,  gaUi 
iddy  occasion  no  effect. 

These  properties  are  sufficient  to  convince  us  that  the 
bitter  principle  is  a  substance  differing  considerably  from 
iD  Ae  other  vegetable  principles.  The  h'ttle  effect  of 
the  dtfirrent  reagents  is  remarkable.  Nitrate  of  silvef 
ifid  acetate  of  lead  arc  the  only  two  bodies  which  throw 
it^own*  This  precipitation  cannot  be  ascribed  to  the 
pRSence  of  muriatic  acid  ;  for  if  muriatic  acid  were 
pr«SM|  nitrate  of  lead  would  also  be  thrown  down. 
Btsideiy  the  flakes  produced  by  nitrate  of  silrer  arc  too 
Bjfcf,  wdA  indeed  have  no  resemblance  whatever  to  mu* 
dnt  of  tilsrer.  The  precipitate  by  acetate  of  lead  is  very 
eopvttrt  This  salt  is  therefore  the  best  substance  for 
dslectiog  the  presence  of  the  bitter  principle^  when  we 
are  certain  tliat  no  other  substance  is  present  which 
throi^i  down  lead* 


chap.  I, 


&4i  ING&SmXNTS  or  PJUA1IT8. 

^*^^^^*         VauqueKo  has  lately  examined  the  bitter  princ 
in  the  fruit  of  the  colocjnth  (cucumis  colocyntbis)^ 
in  the  root  of  the  hvonj .(brioma  alba),  two  vegeti 
bodies  which  have  been  employed  in  medicinet 
possess  strong  lethargic  powers.     The  bitter  princ 
in  these  substances,  as  far  as  his  experiments  w 
possess  exactly  the  properties  of  the  bitter  principl 
•quassia  *.     It  is  probable  also  that  hops,  gentian, 
broom,  contain  the  same  bitter  principle. 
.  When  alcohol  is  digested  for  some  months  u 
wheat  flour,  and  then  distilled,  it  leaves  a  yellov 
brown  substance  behind  it,  which  possesses  (as  far 
have  examined  it)  all  the  properties  of  the  bitter  p 
ciple  of  quassia. 
Second  ipe*       1 1*  Besides  this  purest  Species  of  bitter  principl 
tCT*  rii*'"     ^^  probable  that  several  others  exist  in  the  v^etJ 
cipk.  kingdom,  gradually  approaching  by  their  qualities  to 

nature  of  artificial  tannin*  The  second  species  is  < 
tinguished  from  the  preceding,  by  the  property  wb 
it  has  of  striking  a  green  colour  with  iron,  and  of  ] 
cipitating  that  metal  from  concentrated  solutions* 
Cheneviz  separated  a  portion  of  it  from  coffee  by 
following  process  :  He  digested  unburnt  coffee  ii^  wa 
and  filtered  the  liquid.  It  was  then  treated  with  n 
riate  of  tin.  The  precipitate  was  edulcorated,  mi: 
with  water,  and  treated  with  sulphur  eted  hydrogen , 
The  tin  was  thus  precipitated,  and  the  substance  i 
which  it  had  been  combined  was  dissolved  by  the 
ter.     The  liquid  was  then  evaporated  to  dryness.    ' 


•  Vaaqueltn,  Etsa's  Amalytiquet  det   Racimet  tT  MlhUr*  tPHiwr  4 
Brivne.    Ahm.  dt  Mm*  <  BitU  Nat,  No.  zliii.  pr. 


Ihas  obtmuied  possessed  the  fetlowifl^  pro-   ^  Chtp>L 

1 1*  8«trmii«parent  like  hom^  and  of  a  jrellow  colour# 
if,  Wbeft  exposed  to  the  air^  it  does  not  attract  mois* 

5.  Soluble  in  water  and  in  alcohoL  The  solution  in 
viter  is  semttranspareat,  and  has  a  pleasant  bitter  taste. 
VfhtA  lliie  alkaline  solutions  are  dropt  into  it,  the  colour 
leooinea  giroec  red. 

4.  It  is  not  preisipitated  from  water  by  the  alkaline 
ft^^oiiaiea.    Sulphuric  acid  reoders  the  solution  brown« 
^Ittt  produces  no  further  change.  Neither  muriatic  acid, 
vtit  phosphoric  acid,  nor  the  vegetable  acids^  produce 
aijr  ebiitge  oa  this  solution^ 

5*  TTic  muriates  of  gold,  platinum,  and  copper,  qc^ 
cssioQ  no  change. 

6.  With  solutions  of  iron  it  forms  m  fine  green  co- 
kmred  Cqoid  ;  and  when  concentrated,  iron  throws 
down  •  green  coloured  precipitate.  Indeed  it  is  almost 
tt^eBcate  a  test  of  Iron  as  tan  and  gallic  add. 

t*  Miffiate  of  tin  throws  down  a  copious  yellow  pre* 
dpitaie.  This  precipitate,  and  that  by  iron,  are  solu- 
ble in  ail  acids,  but  they  lose  their  colour. 

<J.  Neither  lime  nor  strontian  water  occasion  any 
pedptate  in  the  aqueous  solutions  of  this  substance  ; 
fcutbar  ?er  occasions  a  browrt  precipitate. 

9,  L._  ...^  occasions  no  prcc!|jitate  .** 

ftam  the  experiments  of  Bouillon  la  Grange,  it  ap- 
pan  that  a  substsince  simile  to  this  second  species  of 
kilter  prtaciple  eidsts  in  the  flowers  of  the  arnica  m<m'* 


*  Flfi!.  M^,  fSoa,  MiTi  MJ<x 
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lllOil£l>lIKT6  or  f  LA  NTS* 


Thinlipe- 


Book  IV.  i«w*^  ,^  ThiTo  h  rcuoa  for  believing  th»t  iHo  kkltf 
pijnciple  which  ch(iractenze»  the  following  plants  be- 
longs also  to  thiii  M^cond  species ;  uhinihium  vuilgart 
(worin-wood)i  juniptrut  saimiu  (itabittc),  nula  jfra* 
ve9lms  (rur)«  anibems  nohilis  (chamofnile),  m^hiUmt 
m^kf^ium  (milfoil). 

Ill,  The  Third  vpetirs  may  b«  cUstinguiibod 
name  of  artificial  biiUr frlncipit^  a«  it  haji  been  I 
bj  the  action  of  nitric  acid  on  various  vegeiab)«  Mil 
animul  substances.  It  wis  first  obuiucd  by  Haufts* 
man  while  eximinin^  indigo,  but  he  roistouk  iti  i»i^ 
ture.  Wrlther  afterwards  formed  ic  by  digeujug  ttlk 
ill  nitric  sicidt  aiccrtainc d  its  properties^  aiid  ^ a«€  it'  Ifaf 
name  of ^eJ/ow  hitter princi fit  \  j  he  is  thcrcfofc  lo  hfi 
5;ansidercd  as  the  real diitcovert r  Eartheidi  afterwards 
procured  it  by  treating  the  wbiti  willow  Hiith  iliarir 
acid  I*  Mr  Hatcheti  lateljr  obtained  it  during  hi^  ex» 
^  -•  — --ft;  on  artificial  tanntn,  by  treating  ind^^o  with 
1  .d^9  and  atMMit  the  sanM  tinte  Fourcroy  aiid 

Vauqu^Un  prociucd  it  by  the  same  mcaas^  and  e4V 
mined  its  properties  in  detail  y.  This  substancfe  pot* 
sesilCit  the  following  pn>pi'rrit:s  ^T* 

Its  colnur  is  a  dee^p  yellowy  it^  ta»«o  intepsely  bitfo^ 
It  h  salublc  both  iti  water  aad  akohoJ^  and  h4t  the  pre. 
pcity  of  dvcing  silk^  woollen  clothi  and  cotloci^  mt% 
dursble  yellow  colour.  It  crystallises  in  eloogsitfj 
ptatesp  and  pr>9aesAc«  many  of  the  characters  of  an  mcid, 
eombtning  readily  with  alkaline  snUtances  and  f^m^ 


•  j|t-.  ifr  Chm^  tv,  ^^,         k  I'^i  ^  xitr,  301,         I 
1  of  pioci)r:i3g  It  4cicrt 


BrrtfeR  tRiKcm.!. 


:  tryijlanizabk  salts.      When  potash  is  dropt  into  a     Qhi^^iL 
conccDtflled  solution  of  itf  small  j  ellow  prismatic  trjs- 
tak  «re  gradually  dcposUed,  e«>nsiiiting  of  bhter  prin- 
ciple combioed  with  potash*      Theae  crystals  were  ex* 
iipiiied  by  Wellher^  bm  it  was  Fourcrcy  and  Van  que* 
Eq  that  ascertaioed  tlicir  compositionp      They   have  a 
bitter  Uite»  are  not  altered  by  exposure  to  the  air^  are 
kii  tiililUe  thmi  purr  biirer  principle.      Whcu  thro\%n 
ttpnn  ImH  i^iarcoal  they  burn  like  gunpowder,  and  deto* 
tMtr  vcrr  loudly  wbon  struck   upon  aa  anvil,  emtttin^ 
1  porple  light  ^.      AmmoQia  dropt  into  the  solution  of    * 
btttcr  principle  deepens  its  colour,  and  occasions  r  co- 
pious depo^tioo  of  fine  yellow  spicular  cry^ialt.    These 
are  a  comblnatioD  of  bitter  principle  and  ammonia  f , 

IV*  Arttfictal  tannin  itself  may  be  considered  as  ap. 
proacbifig  the  bittter  principle  in  many  of  itji  properties.  ^**^^ 
lu  taste  is  always  intensely  bitter,  and  the  colour  i^f  the 
precipitates  which  it  throws  down  from  the  metals^  ii 
luaiiar  to  what  takes  place  when  att!£cia)  bitter  priiu 
dpk  is  present.  It  is  iiideed  posi»ible»  that  the  bitter 
tmi  Biay  be  owing  not  to  the  tannin,  but  to  a  portioa 
^^«f  Sftsficial  bitter  priocipte  which  may  be  always  form*' 
cdatong  with  the  tannin  ;  but  thi$  has  not  been  ascer- 
idled*  It  is  well  known  that  the  bitter  taste  very  east* 
1/  oierpowers  and  eonceals  all  other  tastes. 


Fcwrth  ip^ 


•  Weliher,  Fuurctoy,  and  Vauqtjitlir. 
f  llaubat,  Fl^iL  Tram,  taaj. 
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SECT.  XVI. 


OF    TAKKIK. 


NoTWiTHSTANDiNO  tTic  numerous  experiments  mide 
upon  the  intusion  of  nutgalls,  we  are  not  in  posiesiioii 
of  a  process  capable  of  furnishing  tannin  in  a  state  of 
poritj.  Hence  the  obscurity  which  still  hangs  over  its 
characters.  The  properties  of  this  substance,  as  far  as 
known,  and  the  diiFerent  methods  of  procuring  it  hi- 
therto proposed  bj  chemists,  have  been  detailed  in  a 
preceding  part  of  this  Work.  In  that  account  the  Ia« 
botirsof  Bouillon  la  Grange  *,  who  has  added  consider- 
ablj  to  the  number  of  facts  collected  bj  his  predecet- 
aors,  and  modified  in  some  particulars,  the  received  o- 
pinions,  have  been  omitted.  His  process  for  procuring 
Sflddfob-  P"**  tannin  is  as  follows:  Into  an  infusion  of  nutgalls, 
tainiiigtan-  made  with  cold  water,  drop  a  solution  of  crystallized 
carbonate  of  ammonia,  as  long  as  any  precipitate  con- 
tinues to  fall.  Separate  the  precipitate  by  a  filter,  and 
wash  it  with  cold  water  till  the  liquid  comes  off  colour- 
less. Then  digest  it  repeatedly  in  alcohol,  of  the  speci- 
fic gravity  0*817,  till  the  liquid  ceases  to  redden  the 
tmcture  of  litmus.      Dry  it  between  folds  of  blotting 


*  Jmm,  it  Ciim.  M,  lj%. 


TAXKIK* 


$0 


Sodl  ti  the  process  ;  but  no  reason  ts  assigned     Chtp,  I. 
for  considering  the  tannin  thus  procured  as  pure. 

The  tumiii  of  this  process  is  white,  has  a  bitter  taste,   '"  propcr- 
ftnd  reddens  litmus  paper.     It  does  not  melt  when  heat* 
cd^  nor  does  it  alter,  if  dry,  by  exposure  to  the  atr*     It 
dissolve  ifsftfingly   in  cold,  but  readily  in  hot  water. 
By  the  action  of  ojcymurtaric  acid,  it  seems  to  be  con- 
verted into  gailtc  acid*     Hence  it  is  probable  that  gal- 
lic acid  and  tannin  differ  merely  in  the  proportion  of 
oxygen  which  ihey  contain.     Lime,  barytcs,  and  stron* 
tiia  water  precipitate  tannin  green.      The  fixed  alka- 
lies deepen  tbe  colour,  and  prevent  the  tannin  from  act- 
ing on  gelatine.     It  deprives  several  of  the  metallic  ox- 
idei  either  of  the  whole,  or  of  a  portion,  of  their  oxygen, 
Wbea  red  oxide  of  iron  isboi!ed  in  the  solution  of  tan- 
aioy  it  becomes  blackish  brown,  and  combines  to  satu- 
fttko  wiih  laonin.     In  like  manner  red  oxide  of  lead 
J^rei  the  solution  of  the  whole  of  its  tannin,   and 
muses  a  dark  brown  colour.     Red  oxide  of  mercury 
gBHsnea  the  same  colour,  and  produces  the  same  e^ect. 
With  acetate  of  lead  it  forms  a  dark  grey  heavy 
precipitate,  and  the  whole  of  the  lead  is  abstracted  from 
tbe  solotion*       The   precipitate,   when   first    dried,   is 
^kpecaiilt,  but  becomes  brown   by  exposure  to  the  air. 
CSqptr  is  thrown  down  brown  from  its  solutions.    T)«e 
predptation  is  incompkte.     Sulphate  of  manganese  is 
llmiwo  down  green,  but  the  precipitate  becomes  brown 
hj  ciposon:  to  heat.      Nitrate  of  mercury  is  precsi^i* 
Itltd  rrllow.     Whvn  the  tinnatc  of  iron  is  dissolved 
ia  muriatic  acJdy  barytes  occasions  no   prectpitate;  a 
proof  that  it  contains  no  sulphuric  acid.     These  are 
the  iiioM  important  of  the  facts  noticed  by   Bouillon 
D^e  ia  his  Disserts tioo  on  Tanuio- 
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xannia  «mtt  in  a  great  varie^  of  aobstaooci ,     1 

bark  of  maoy  trees  contain  it  abuodaoUy*     It  ia  fov 

fdso  in  the  roott,  wood,  and  brancbes  of  manyt    Sob 

times  it  is  accompanied  by  gallic  acid,  and  soaetiii 

not.    The  presence  of  this  acid  may  be  distmgoiai 

by  the  action  of  the  infusion  on  the  salts  of  iron* 

the  precipitate  subside  quick^ly,  it  is  a  proof  thai 

gallic  acid  is  present  i  but  if  it  subside  very  slowlyt 

inay  conclude  that  this  acid  is  present  *t 

Specif  I  of         lil^e  most  other  vegetable  substances,  it  seema  to 

^*"'^*         susceptible  of  difftrent  modifications*      The  follow 

are  the  different  species  of  fannio  which  hl^vo  b* 

hitherto  notice4r 

From  Dttt-         ^*  Taniiin  from  nutgalls.     This  is  the  coomdoa  a 

p^  cies  described  in  this  Work  under  the  name  of  lam 

It  precipitates  iron  bla^k,  and  forfus  a  firm  int^hi 

brown  prepipitate  with  glue.     The  bark  of  oak^ 

most  other  astringent  trees  in  this  pofintry,  are  ai^pfk 

at  present  to  contain  this  species  of  tfrnnin^ 

Cstedm, '         8,  The  tannin  which  constitutes  so  large  a  proi 

tion  of  catechu  forms  the  second  species.      Its  ptcq 

nature  was  first  observed  by  Proust.   It  was  afterwi 

nu>re  particularly  exofnined  by  Mr  Davy,      It  to 

with  iron  .an  olive  coloured  precipitate, 

fp'oo,  S.  The  timnin  of  iin§  constitutes  a  third  spei 

This  substance  is  obtained  from  different  vegetnii 

It  was  originally  imported,  as  is  supposed,  from  Afr: 

but  at  present  the  common  kino  of  the  shops  is, 

cording  to  Dr  Duncao,  an  extract  from  the  coetot 

fnifer^p  or  s^a^suh  grfife,  and  is  Tirought  chiefly  fi 


f  BerthoUct,  nrr  it  Ttntwrtt I  ic^. 


Jamftka.  But  the  finest  kioo  is  tht  product  of  different  ^^"^  4^ 
ipeciet  of  fuca/jftuj,  partioilarl/  the  rnmiftfa  m 
brown  gun  tree  of  Botany  l^^y  *.  It  is  an  ftstringent 
attbetili£€  of  a  dark  red  colour^  and  very  brittle.  It 
HMiiiotvei  belter  in  alcohol  than  water*  The  solution 
in  the  latter  liquid  iv  muddy;  in  the  former  transpa* 
rant,  mod  a  fine  crimson  if  sufliucutly  diluted.  l\ 
tltrovra  down  gelatine  of  a  rose  colour,  and  forms  with 
nha  of  iron  a  deep  green  ptecipitatty  not  altered  hf 
^HOppntre  to  the  air.  These  properties,  first  observed 
^^pr  Dr  Duncan,  and  afterwards  by  ViiH^uclin,  show 
^^■jai  ii  G^mtains  abundance  of  tan,  but  in  a  particular 
■itef. 

^^   %m  The  fourth  variety   of  tannin   is  contained  in  su^   Suaia^ 
machn     This  is  a  powder  obtained  by  drying  and  grind* 
iii|  Ihe  ahoots  of  the  rbus  coriaria  ;  a  shrub  cultivated 
JD  the  aouthern  parts  of  Europe.      The  tan,  which  it 
tains  in  abundance,  yields  a  precipitsile  with  gela. 
ioe,  which  subsides  very  slowly,  and  remains  in  the 
of  a  white  magma  without  consistence* 
5»  The  fifth  v^aricty,  according  to  Proust,  is  to  be   ^^^^ 

in  the  wood  of  the  morns  tinctcri^^  or  ald/ustic 
the  British  dyers  term  it*     This  wood  gives  out  an 
both  to  alcohol  and  water,  which  yields  a  pre* 
tare  with  gelatine.      A  solution  of  common  salt  is  * 

ot  to  throw  it  down  %• 

Taoniii  affects  particularly  the  bark  of  trees  ;  but  it 

also  in  the  sap  and  in  the  wood  of  a  considerable 

^ber,  and  even  in  the  leaves  of  many.     It  is  very 

io|3a  thai  it  exudes  spontaneously  \  yet  this  seems  to 
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fcokiv^,     be  the  case  with  a  rtrietj  of  kino  from  Botany  I 
which  I  have  lately  exammed. 

It  has  been  ascenained  by  Mr  Biggin  *,  that  wl 
the  barks  of  trees  are  examined  at  different  seasons  tl 
rary  in  the  quantity  of  tan.  The  quantity  varies  i 
with  the  age  and  size  of  the  trees  f.  The  greatest  p 
portion  of  tan  is  contained  in  the  inner  bark  t*  'i 
epidermis  usually  contains  none. 

The  following  Table  exhibits  the  proportion  of  sc 
matter  extracted  by  water  from  different  vegetable  si 
stances,  and  the  quantity  of  tan  contained  in  that  sc 
matter,  as  ascertained  by  the  experiments  of  Mr  Da^ 

%7^  Oncouuccof  .     Mutter.         T 

piuu         White  inner  bark  of  old  oak 108  ••• 

• young  oak Ill  ••• 

Spanish  chesnut..*.    80  ••• 

Leicester  willow,...]  17  ••• 

Coloured  or  middle  bark  of  oak 43  ••• 

•.•••••••••••.•• Spanish  chesnut  41  ••• 

.•••  Leicester  willow  34  ••• 

Entire  bark  of  oak ••.•••  61  ... 

••....••.. ;••  Spanish  chesnut.. 53  ... 

^ Leicester  willow 71  ••• 

'...•#•••••••••••••  elm. •.•....••••*.•... •.«•..••.  *-"*  .•* 

••.••..••••••••••.  common  willow.. ..•• —  ••• 

Sicilian  sumach  ••#•••. ....165  ••• 

Malaga  sumach 156  ... 

Souchong  tea — «  ••• 

Green  tea • —  ...     ^ 


a  FMl,  Trtfw/.  1798,  p.  S99,       t  ^▼Xi  Il>Jd.  iSoj.       |  Davy*  lb 


rmiACTJVE  fRiKcrrLE. 


So!1«^ 


One  ounce  of 


Beogil  calcchu 
NaipUs 


^-     ...   231 

, 180      ...   lai 


SECT.  XVII. 


OF  THX  EXTRACTIVE  PRIKCIfLE. 


lui  word  extract  was  at  first  applied  to  all  those  stih*  ^l>*«f* 

ittnces  which  were  cjctracted  from  plants  by  means  of 

wiier^  lod  which  remained  behind  in  the  state  of  a  dry 

mass  when  the  water  was  evaporated  ;  consequently  it 

included  gnm,  jellji  and  several  other  bodies.     But  of 

late  it  hAS  been  confined  by  many  to  a  substance  which 

eitsts  in  many  plants,  and  wlach  may  be  obtained  near« 

Ijrin  •  stale  of  purity,  according  to  Hermbstadt,  by  in- 

fiimg  iaffron  in  water  for  some  time,  filtrating  the  in- 

fsMOi  sod  evaporating  it  to  dryness.     But  as  the  word 

tniract  occurs  even  in  modern   authors  in  its  original 

leue,  I  shall  rather  denote  this  substance  by  tlie  phrase 

tgiro£tivf  principkf  to  prevent  ambiguity. 

The  difficaUy  of  obtaining  the  extractive  principle  in 
^  a  separate  ^tate,  and  the  facility  with  which  it  alters  its 
natore,  have  hitherto  prevented  chemists  from  exami- 
ning it  with  that  attention  to  which  it  is  entitled.  It 
WIS  first  particularly  attended  to  by  Rouelle  ;  but  it  is 
lo  fimretoy  and  Vauquelio  that  wc  are  chiefly  indebU 
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ed  for  ascetuining  its  characters.  The  disserUtioa  of 
Vau^ueUa  in  jthe  Journal  de  PbarmacUf  is  by  far  the 
best  account  of  extractive  matter  which  hat  hitlMtt* 
apptared.  Many  valuable  facu  and  curioma  obstr^ia* 
tiona  were  published  by  Hermbstadt  also  in  hUdissersai 
tion  oo  extract  *.  But  unfortunately  the  term  haa  not 
been  always  taken  by  chemists  in  the  same  acceptation. 
Farmentier  has  lately  published  a  dissertation  on  the  tx^ 
tracts  of  vegetables  taken  in  the  loose  and  general  sense 
of  the  wordf  which  contains  much  information  f. 

The  extractive  principle  possesses  the  following  pro- 
perties : 
fffffffimr  ^*  Soluble  in  water,  and  the  solution  is  always  co<« 
loured.  When  the  water  is  slowly  evaporated,  the 
extractive'  matter  is  obtained  in  a  solid  state  and  traaa* 
parent  ^  but  when  the  evaporatioa  is  rapid  cht  mailer;  M 
opaque.  '  "^  . 

.  2.  The  taste  of  extractive  is  always  strong  %  bol  it  ia 
very  different  according  to  the  plant  fr0m  whitb  k  so 
obtained*, 

^«  Sellable  in  alcohol,  but  insoluble  in  ether* 
4.  By  repeated  solutions  and  evaporations,  the  cxtne« 
tive  matter  acquires  a  deeper  colour,  and  becomes  1 
loble  in  water.     This  change  is  considered  as  the  < 
sequence  of  the  absorption  of  the  oxygen  of  the  ati 
sphere,  for  which  the  extractive  principle  has  a  atitmg 
affinity.     But  if  the  solution  be  leit  to  itsejlf,  exposed  ti 
the  atmosphere,  the  extract  is  totally  destroyed  in  1 
Kquence  of  a  kind  pf  putrefaction  which  apeedjjy  p| 
mences. 


O  See  lib  HytM  Ciimistry^  ii.  65.    Sec  also  CrcU't  Afiii§lit  17J|*  ^ 
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fb«i  ox/muriatic  acid  is  poured  into  a  solution 
eonlftiniof  extractive,  m  very  copious  dark  yellow  pre* 
Opitile  h  thrown  down,  and  the  liquid  retains  but  a 
hght  lemon  colour.  These  flakes  arc  the  oxygenized 
^xiracihf*  It  is  now  insoluble  in  water  ;  but  hot  alco- 
liol  itjll  dissolves  it. 

©,  The  extractive  principle  unites  with  alnminap  and 

{bnnt  with  tl  an  insoluble  compound.     Accordingly^  if 

solphftie  oT  muriate  of  alumina  be  mixed  with  a  solu- 

tion  of  ejitractive,  a  flaky  insoluble  precipitate  appears^ 

at  leaal  when  the  liquid  is  boiled  ;  but  if  an  excess  of 

a^d  be  present,  tbe  precipitate  does  not  always  appear. 

It  is  precipitated  from  water  by  concentrated  suJ- 

J^uric  acid,  muriatic  acid,  and  probably  by  several 

'^^ibtf  acids.     When   the  experiment  is  made  with  sul- 

pkofic  acid,  the  fumes  of  vinegar  generally   become 

lentible* 

g«  Alkalies  readily  unite  with  extractive^  and  form 
cooipotmda  which  are  insoluble  in  water. 

9.  The  greater  number  of  metallic  r^xides  form  inso^ 
bUe compoundf  with  extractive*  Hence  many  of  them, 
nrhea  thrown  into  its  sohaion,  are  capable  of  separating 
it  from  water.  Hence  also  the  metallic  salts  mostly 
prmpitata  extractive.  Muriate  of  tin  possesses  this 
p9fniy  in  an  eminent  de/rrec.  It  throws  down  a  brown 
fifdrr  perfectly  insoluble,  composed  of  the  oxide  of 
tto  jad  vegeiablc  matter. 

10.  If  wool,  cotton,  or  thready  be  impregnated  witli 
ahmi  and  then  plunged  into  a  solution  of  extractive, 

,  tKty  are  dycrd  of  a  fawn  brown  colour,  and  the  liquid 
km  much  of  its  extractive  matter.  This  colour  is  per* 
ttii»enY.  The  same  elTcct  is  produced  if  muriate  of  tin 
k  tmployed  instead  of  alum.     This  effect  is  still  more 
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^'  complete  if  the  cloth  be  soaked  in  oxjrmariatic  acici, 
and  then  dipt  into  the  infusion  of  extractive.  Hence 
we  see  that  the  extractive  matter  requires  no  other  mor- 
dant than  oxygen  to  fix  it  on  cloth. 

11.  When  distilled,  extractive  yields  an  acid  liqaid 
impregnated  with  ammonia*. 

It  cannot  be  doubted  that  there  are  many  different 
species  of  extractive  matter  $  though  the  difficulty  of 
obtaining  each  separately  has  prevented  chemists  from 
"  ascertaining  its  nature  with  precision.  Extracts  are  asu- 
ally  obtained  by  treating  the  vegetable  substance  from 
which  they  are  to  be  procured  with  water,  and  then 
evaporating  (he  watery  solution  slowly  to  dryness.  All 
extracts  obtained  by  this  method  have  an  acid  taste^  and 
redden  the  infusion  of  litmus.  They  all  yield  a  pre- 
cipitate while  liquid  if  they  are  mixed  with  ammonia. 
This  precipitate  is  a  compound  of  lime  and  insoluble 
extractive.  Lime  always  causes  them  to  exhale  the 
odour  of  ammonia.  It  has  been  ascertained  that  thees^- 
tractive  principle  is  more  abundant  in  plants  that  have 
grown  to  maturity  than  in  young  plants. 

As  the  extracts  of  vegetables  prepared  by  apotheca- 
ries for  medical  purposes,  besides  the  extractive  prinei- 
pie,  always  contain  other  bodies,  frequently  to  the  num- 
ber of  eight  or  more,  and  as  the  greater  number  of  them 
are  still  but  imperfectly  examined,  I  shall  satisfy  my- 
self at  present  with  pointing  out  some  of  those  vegeta- 
ble substances  which  have  been  ascertained  to  contain 
extractive  principle,  and  stating  the  constituents  of  such 
as  have  been  analysed. 


t  See  Vau^elin. 
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Of  catechu. 


1-  ExMcdve  principle  is  not  an  uncommon  ingre-      Cjtx^A. 
jtiecii  in  llie  sip  of  trees.    Indeed  Deycux  and  Vauque-   Eitncuve 
lin  foand  it  in  almost  all   those  which  ihey  examined*   ^  "^' 
II  is  uioalljr  thrown  down  when  the  sap  is  mixed  wuh 
oacjaiuriatic  acid,  nnd  it  precipitates  iu  brown  dalges 
while  the  sap  is  evaporating  on  a  sand  bath^ 

2.  It  fortps  a  constituent  of  the  bark  of  aU  trees  hi-  <5f  l**''^ 
ihetto  examined.  This  was  evidently  the  case  with  all 
the  barkf  which  Mr  Davy  subjected  to  experiment  i 
tkundf,  those  of  oak^  Leicester  willow,  Spanish  ches- 
mdf  dmt  commoo  willow,  and  undoubtedly  all  barks 
vbicli  Imve  an  astringent  taste  ;  for  tan  atid  extractive 
Kcm  scarcely  ever  to  be  found  separate*^ 

3.  The  infusion  of  catechu  contains  an  extractive 
pinctple,  united  chieiij  to  tan.  It  may  be  obtained  in 
a  Slate  of  purity  by  washing  the  catechu  in  powder  re- 
potedl/  with  water  till  the  fluids  obtained  cease  to 
natc  gelatine.  What  remains  is  extractive.  It  is 
lie  reddish  brown  colour  and  a  slightly  astringent 
tistfii  leaving  in  the  mouth  a  sensation  of  sweetness. 
It  has  no  smell.  Its  solution  in  water  is  at  first  yel* 
km  brown  j  but  it  acquires  a  tint  of  red  when  left  cx- 
pMcd  to  the  air.  The  solution  in  alcohol  is  of  a  dirty 
bowa«  It  does  ncft  affect  vegetable  blues.  Alkalies 
br.hten  its  colour;  but»  neither  these  bodies  nor  the 
iLj^^liuc  earths  precipitate  it  from  water.  Nitrate  of 
aJumma  and  muriate  of  tin  render  the  solution  slightly 
tniLid.  Nitrate  of  lead  throws  down  a  dense  light- 
brown  precipitate.  It  renders  oxysulphate  of  iron  green, 
tod  throws  down  a  green  precipitate,  becoming  black 
bj  exposure  to  the  air,  Lioen^  when  boiled  in  the  so- 
litUon,  rxtracts  almost  the  whole  of  the  extractive,  and 
'tjuirci  a  light  red  brown  colour.     When  this  extrao* 


live  IS  exposed  to  heat,  it  softent^  and  its  ealoiir  b^a 
comes  darker,  but  it  does  not  melt.  When  ditttfledi  ft 
yields  carbotuc  acid  and  carbureted  hjdrogen  gas,  weak 
acetie  iicid,  and  a  Httle  unallercd  cilractive.  A  porous 
charcoal  remains  *• 
Of  MVii»  4.  The  inlbston  of  ^cnn%  contains  a  matter  of  a  verjr 

peculiar  nature*  but  whicli  may  be  considered  as  a  spe- 
cies of  extractive*  The  senna  of  commerce  consists  of 
the  dried  leaves  of  the  cassia  sennu^  a  shrub-Hke  an* 
nual  cultiTated  in  E^jpt*  Water,  at  the  ordinary  tern* 
perature  of  the  atmosphere,  dissolves  nearly  one-half  of 
the  iubslanee  of  these  leaves.  The  infusion  obtained 
has  a  brown  ci^ottr,  «  bitter  taste,  and  a  peculiar  ar^H* 
matic  odour.  It  contains  a  considerable  proportion  of 
carbonate  of  lime,  sulphate  of  potash,  and  carbonate  of 
magnesia,  besides  a  little  silica  ;  but  the  most  curtotit 
of  its  constituents  is  the  extractive.  When  common  atr 
is  made  to  pass  for  %Ky^e^  hours  through  the  infusiony  a 
yellow  coloured  precipitate  appears:  the  same  substance 
is  thrown  down  immediately  by  muriatic  acid  and  aXjr« 
muriatic  acid*  It  appears  al!*o  when  a  current  of  oxy 
gen  gns  is  made  K>  traverse  the  infosion*  This  %ab* 
stance  is  the  extractive  altered  by  iti  combination  with 
oxygen.  Ir  has  a  slight  bitter  taste.  It  it  no  longer 
aoluble  in  water.  Alcohol  diisolv(^s  it,  bnt  lets  it  fall 
when  diluted.  The  alkaliea  dissolve  it,  and  form  b 
deep  brown  solution.  On  burning  coals  it  emits  a  thick 
smoke,  exhales  an  aromatic  odour^  and  leavef  a  spongy 
charcoal.  Tftese  properties  indicate  a  very  decided  ap« 
proach  to  the  resitious  state  f. 


•  DEVy  on  Jjirmjint  Figtts^tit^  p.  t^. 
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5.  The  iafusioD  of  PeruTimti  bark  likewise  jieldt  an 
exUmctm  matter  of  a  pecoliar  nattUTi  which  assumes 
m  ior  nd  eoloar  when  uaiied  to  oxjgen  i  and^  Ukc  the 
esmcitw  of  setma,  acquires  nearly  the  properties  of  a 
fCibi*  It  was  obtaiDcd  bj  Fourcroy  Crom  the  quinqui'- 
Hi  of  Si  Domingo*  Water,  boiled  on  it  ttU  it  refused 
to  dissolire  anj  thing  more,  was  slowly  evaporated^  and 
the  extract  obtained  was  dissolved  in  alcohol.  The  al^ 
cohol,  bjr  evaporation^  deposited  the  peculiar  extractive. 
it$  colour  was  brown,  its  taste  bitteri  insoluble  in  cold^ 
barirefy  a^tuble  in  hot  water.  It  was  soluble  in  alcohoU 
Wben  dry  it  was  black,  brittle^  and  broke  with  a  po^ 
liibcd  £racture*  Lime-water  precipitated  it  in  the  state 
rf  a  red  powder :  oxymuriatic  acid  tlirew  it  down  in 
ibe  stale  of  a  fine  red  powder,  neither  soluble  in  water 
DOT  akxibolf  but  capable  of  uniting  with  alkalies*  A 
tm^gn  doee  of  oxymuriatic  acid  renders  it  yellow  ^4 

6.  Sairoo  yields  extractive  matter  in  great  abim*  Offtfiroe, 
Dce«     This  substance  consists  of  the  summits  of  the 
itils  of  the  trocm  sQtivu4.     Almost  the  whole  of  it  is 

tie  in  water* 
T*  Steinacher  has  shown  that  disiilled  vinegar  con- 
lllios  a  quantity  of  extractive  f^ 

Tbc  resemblance  between  extractive  bodies  and  the 
obisuting  matter  of  plants  is  sufficiently  striking*  It  is 
mora  than  probable^  that  when  this  last  set  of  bodies 
liivebeen  examined  with  more  precision  by  chemist% 
tbef  will  be  found  to  belong  to  the  same  class* 
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or  THB  NARCOTIC  fRINCtrLE. 

It  his  been  long  known  that  the  milky  juices  which 
cxtidc  from  certain  plants^  as  the  poppy,  lettuce,  &c. 
and  the  infusions  of  others,  as  of  the  leaves  of  the  dBgu 
talis  furpyrfat  hare  the  property  of  cJtctting  sleep,  mr, 
if  taken  in  large  enough  dozes,  of  inducing  a  state  M- 
sembling  apoplexy,  and  terminating  in  death*  How  fi|r 
these  plants  owe  these  properties  to  certthi  comiaoa 
principles  which  they  possess  is  not  known  ;  though  it 
b  exceedingly  probable  that  they  do.  But  as  %p$cMlmr 
mb^anci  has  been  detected  in  optum^  the  most  noted  of 
the  narcotic  preparations,  which  possesses  narcotic  pro* 
perties  in  perfection,  we  are  warranted,  till  further  ex- 
periments elucidate  the  subject,  to  consider  it  as  the  imt- 
cotit  ptincipli^  or  at  least  as  one  species  of  the  substances 
belonging  to  this  genus. 

Opium  is  obtained  from  the  papavir  album,  or  white 
poppy,  a  plant  which  is  cultivated  in  great  abtmdaiiee 
tn  India  and  the  East.  The  poppies  ire  planted  m  a 
fertile  soil  and  well  watered.  After  the  flowertog  is 
ever,  and  the  seed  capsules  have  attained  nearly  theit 
full  sitCf  ^  longitudinal  incision  is  made  ia  them  about 
iun-set  for  three  or  four  evenings  in  succession.  Ffoia 
these  inci&ions  there  flows  a  milky  juice^  which 
concretes^  and  is  scraped  off  the  plant  and  wrougl 
cakes*     In  this  state  it  is  brought  to  Europe. 

Opium  thus  prepared  is  a  tough  brown  iub» 
has  a  peculiar  smeU,  and  a  uameovs  bil 
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b  btotnes  loftet  when  held  tii  the  vfwrm  hand,  and  Cfc*p*>* 
bum  wf  readilj  tod  strongly.  It  i$  a  very  compouiid  Coostitu* 
sibstiaee,  conUtoing  sulphftte  of  lime,  sulphate  of  pot-  ^^^^ 
mt,  aa  oU,  a  resinoEs  hody^  an  ejitractive  matter,  glu* 
laii  mnriia^  &c«  besides  the  peculiar  narcotic  priOi* 
ayl%  l»  wliidi  probably  it  owes  its  virtues  as  a  narco^ 
de«  AlDMMt  all  the  medical  chemists  have  published 
aAilytei  of  optom.  To  their  labours  indeed  we  are  iii' 
delrteii  &r  every  thing  concerning  it  at  present  known. 
Mhiimmh,  HofoaOy  Trulles,  Bauin^  have  distinguish* 
ed  themselves  roost  i  and  more  lately  remarks  have 
hem  pobUalied  on  it  by  Josse^  Bucholz,  Proust,  and 
Oeroaae.  The  dissertation  of  the  last  is  peculiarly  vi^ 
Icdde*  He  (trst  pointed  out  the  nature  and  properties 
of  the  marcoiic  primiple  of  opium.  It  had  indeed  been 
DOtictd  by  most  of  the  older  chemists,  though  they  had 
femed  erroneous  opinions  respecting  its  nature. 

Wtien  water  is  digested  upon  opium,  a  considerable 
portion  of  it  is  dissolved,  the  water  taking  up  several 
sf  its  cotiftituents.    When  this  solution  is  evaporated  to 
the  coo&istencr  of  a  ^nip,  a  gritty  precipitate  begins  to 
ippear,  which  is  considerably  increased  by  diluting  the 
Bfud  with  water.     It  consists  chiefly  of  three  ingre* 
Acnts  f  namely,  resin,  oxygenized  extractive,  and  the 
pecrtUrii«rcotic  principle,  which  is  crystallized.   When   ^^/^^ 
abakol  is  digested  on  this  precipitate,  the  resin  and  nar-   coticpria* 
IQtie  substance  are  taken  up,  while  the  oxygenized  ex-   "^^ 
tractive  remains  behbd.     The  narcotic  principle  falls 
down  in  eryMAs  as  the  solution  cools,  still  however  co- 
bore'^        '     "^iin.     But  it  may  be  obtained  tolerably 
pam  <*d solutions  and  crystallizations** 
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Book  IV* 


lti|rroper- 


Water  is  Incapable  of  dissolving  the  whole  of  optun}* 
What  remains  behind  still  contains  a  considerable  por<^ 
lion  of  itarcotic  principle.  When  alcohol  is  digested  on 
Ibis  residuum,  it  acquires  a  deep  red  colour  i  and  de^ 
poaites  on  cooling  crjstals  of  narcotic  principle,  co* 
loured  by  resin,  which  may  be  purified  by  repeated  crjs- 
lallizattons  **  The  narcotic  principle  obtained  by  either 
of  these  methods  possesses  the  following  properties* 

1.  Its  colour  is  white.  It  crystallizes  in  rectangulir 
prisms  with  rhombotdal  bases.  Ii  has  neither  taste  nor 
smell. 

2.  It  IS  insoluble  in  cold  water^  soluble  in  about  400 
parts  of  boiling  water,  but  precipitates  again  as  the  so* 
lution  cools.  The  solution  in  boiling  water  does  not  af» 
feet  vegetable  blues. 

S*  It  IS  soluble  ill  24  parts  of  boiling  alcohol  and  100 
parts  of  cold  alcohol.     When  water  is  mixed  with  the 
solution,  the  nsircotic  principle  precipitates  in  the  ttaie 
of  a  white  powder. 
'    4.  Hot  ether  dissolves  it,  but  lets  it  fall  on  cooliog* 

5.  When  heated  in  a  spoon  it  mths  like  wax.  When 
distilled  it  froths  and  emits  white  vapours,  which  coo- 
dense  into  a  yellow  oil.  Some  water  and  carbonate  of 
ammonia  pass  itito  ihe  receiver  i  and  at  last  carbgoic 
acid  gas,  ammonia,  and  carbureted  hydrogen  gas,  are 
disengaged.  There  remains  a  bulky  coal,  which  yieUi 
traces  of  potash.  The  oil  obtained  by  this  process  is  vis- 
cid, and  hat  a  peculiar  aromatic  smell  and  an  acrid  taste.  ' 

0.  It  is  very  soluble  in  all  acids.  Alkalies  throw  it 
down  from  these  solutions  in  the  state  of  a  white  pov^. 
der* 
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7*  AUtaliei  render  it  rather  more  soluble  in  water,    ^  Chap,  t  ^  | 

Jhtn  they  arc  saturated  with  acid«>  the  narcotic  prb- 
tiple  faJU  down  in  the  state  of  a  white  powdcT^  which 

nrdt^soJved  hy  adding  an  excess  of  acid. 

8.  Volatile  ot]$»  while  hot,  dissolve  it ;  but,  on  cooU 
ngf  ihtf  let  it  fjill  in  an  deagencus  state  at  firsts  btit  it 

idually  crystallixcs. 

0*  When  treated  with  nitric  acid,  it  becomes  red  and 
ires  i  much  oxalic  acid  is  fortned,  and  a  bitter  sub- 
remains  behind^ 

10.  When  potash  is  added  to  the  aqueous  solution  of 
littm,  the  narcotic  principle  is  thrown  do^n  ;  but  it 

lins  a  portion  of  the  potash* 

11.  Its  solubitrtj  in  water  and  alcolio),  when  tmme- 
liately  extracted  from  opium,  seems  to  be  owing  to  the 

EjireseiKe  of  ram  and  txtracthi  mntur^  both  of  which 

rnder  tt  soluble. 

12*  It  possesses  the  propcnies  of  opium  in  perfection, 

Jerosne   tried  it  tipon  several  dogs,  and  found  it  more 

f  powerful  than  opium.     Its  bad  elTects  were  counteract- 

[  by  causing  the  animals  to   swallow  vinegar*     This 

iibitaoce  is  known  to  be  of  ec|ual  service  in  counteract- 

Dg  the  effects  of  opium*     Derosne  supposes  that  the 

cy  of  vinegar  may  be  owing  to  the  readiness  with 

prhieh  it  dissolves  the  narcotic  principle  ^. 

M*«y  other  substances  beside  opium  posse^iS  narcotic 

but  hitherto  they  hav^  not  been  examined  by 

S  with  much  attention.     The  most  remarkable 

I  ire  tlie  following  : 

I.  The  hctuca  virosa,  and  the  sativa  or  garden  let-  n*j-cwIc 

plaaot 


•  Venm^t  Am*  4t  €Um^  fv  174. 
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tacey  and  indeed  all  the  laetucas,  jrield  a  oulky  juic^ 
inrhtchf  when  inspissatcdi  hat  very  much  the  appearanoe 
of  opium,  aod  possesses  the  same  properties.  Indeed 
Dr  Coxc  of  Philadelphia  affirms,  that  as  good  opiiUD 
maj  be  obtained  from  the  garden  lettuce  as  froiD  the 
poppy.  The  milky  jaice  is  obtained  by  incijions  at  the 
time  when  the  lettuce  is  runuing  to  seed  *,  The  re- 
semblance between  the  iospissated  juice  of  tbe  tactuca 
virosa  and  opium  is  striking. 

2>  The  leaves  of  the  atrcpa  teilad<ma,  or  i*aMj 
fiighuhadif  and  indeed  the  whole  planii  are  remarkably 
narcotic  \  and  when  taken  in  too  great  doses  produot 
blindness,  convulsions,  coma,  and  death. 

3.  Tlic  leaves  of  the  digiiaiu  purpwta^  ov  /6x»ghve, 
are  still  more  powerful  if  possible.  They  lower  the  pisisc 
in  a  remarkable  degree,  and,  like  several  other  very  poi- 
sonous narcotics,  promote  the  discharge  of  urine. 

4*  Hyosyamus  niger  or  hen-bane« 

5*  Conium  maculatum  or  hemlock. 

0<  Balora  stramonium. 

7.  Ledum  palustre. 

To  these  may  perhaps  be  added  the  prunm  Imtrpcirm^ 
ms,  and  the  leaves  of  nUotiana  tciacum  or  ioba€C9*  The  1 
list  indeed  might  be  easily  increased  i  almost  all  tbe 
plants  belonging  to  tbe  natural  order  of  hrida^  possess^ 
tng  narcotic  properties  :  But  as  we  are  completely  ig* 
norant  of  the  chemical  properties  of  these  plants^  it  is 
unnecessary  to  be  more  particular. 
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L  HEUL  are  two  species  of  oils  ;  u^mtij^Jtxtd  and  to* 
Jaiiii£  both  of  which  are  found  abuodantlj  in  i^aoU^ 

1.  Fixed  oil  is  onlj  found  in  the  seeds  of  plants^  and 

it  abDosi  entirel J  confined  to  those  which  have  two  co- 

^kdoDt  I  as  linseed,  almonds,  beech  root,  poppj  seed, 

tape  aeedf  &c«     Sometimes,  though  rarely,  it  is  fouud 

ia  the  pulp  which  surrounds  the  stone  of  certain  firuitf • 

This  ia  tfac  case  with  the  oUvei  which  yields  the  most 

sbnodaDl  and  most  valuable  species  of  fijced  otL     The 

Woot^kfiaoos  seeds,  besides  oil,  contain  also  a  nuicila* 

^aoaa  substance  i  and  they  have  all  the  character  of 

Sonaiag^  wbea  bruised  in  water,  a  aiilky  liquid,  known 

iy  tlie  Qame  of  tmmlmn* 

Tbe  foUawtng  is  a  hit  of  the  plants  which  yield  the 
fijKod  oila  which  osaaUy  occur  in  eonunerce  *. 


I 


UBma  Mtatissamiiiii  et  petcaae  liasced  oil 

.C«ylusaveaana>   ^^^^ 

jaf  Itaa  r^ia     *  > 

'••i  FiSpM«r  aaomferiUB .,••»•«•»«•#•  Poppy  oil 

S*  Caaaabii  taiifa  #•«*#  •«• .« •*  Hemp  oil 

9»  Scaaantm  orieiitait*****  #•••«•  ••••»•  Oil  4 
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BoflitlV.       7.  Olet  Europem Olive  oi 

*"  ^^           8.  Ani7g4>lut  cgaunimu**.......,..  Almond 

0.  GuilftDdina  Mohringm Oil  of  b 

10.  Cacnrbiu  pepo  ft  melapepo......  Cucnml 

11.  F«gi)t  sylvttica •« Beeeh  o 

12*  Sintpis  nigra  et  arvcnsis Oil  of  n 

IS.  Helianthus  annuut  et  perennis...  Oiloftv 

14.  Brauica  caput  et  campestria Rape  se 

15*  Ricinut  cominuiiit • ,  •  Castor  < 

10.  Ntcotiana  tabacum  et  rattica Tabaccc 

17.  Pmniift  domestica  ••••,•••••••  Plum  ki 

18.  Vitisviuifera • Grapei 

19.  Theobroma  cacao  •••••,, Butter  i 

20.  Laurua nobilis •,••  Laurel  • 

21.  Arachia  hjpogsea  ,, ,•••  Ground 

2*  Volatile  oils  are  found  in  every  part  of  pi 
cept  the  cotyledons  of  the  seeds,  where  they  m 
cur.  The  root,  the  stem,  the  leaves,  the  flov 
rind  or  pulp  of  the  fruit  of  a  variety  of  plants,  a 
ed  with  volatile  oils,  from  which  they  are  extn 
expression  or  by  distillation.  The  number  of  il 
is  so  great  that  it  baffles  all  description.  Almo 
plant  which  is  distinguished  by  a  peculiar  ode 
tains  a  volatile  oil,  to  which  it  is  indebted 
odour. 

The  following  Table  contains  a  pretty  copioi 
plants  which  yield  volatile  oils.  The  part  of  t 
from  which  itisextractedi  and  the  English  nam 
pily  are  added  in  aeparate  columns  f. 


*  NicholiQii*f  Jour.  vi.  224. 
t  See  Oreo*f  H£»Amb^  \u  S04. 
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OttS.    !U»9t1 

Tbotu                   1 

Piits 

Leaves 

OJ«rf 

C«Jottf.        Chif- 

t*        1 

1  *  Altmittti  aDsyntfaiaixi 

Wormwood 

^^«>           \^1. 

2.  AooffOf  calamus 

Rout 

Sweet  flag 

Yellow       ^^"^      ^ 

$*  Mjrtoi  Piroenta 

Frait 

Jamaica  ifcp.j 

YeUow 

^H 

4*  AoctKqm  gravfolcns 

Secda 

DOl 

Yellow 

^H 

5-  Aagdica  archangcUca 

Root 

Angelica 

^H 

6.  Btfl^tadli  mmiom 

Seedi 

An  lie 

Whiu 

^H 

7m  ISictttai  aaiiatuin 
o,  Anemuta  ndgani 

Seeds 

Stetlat.  anise 

Bro»0 

^H 

Leaves 

Mugwort 

^H 

9*  Citrut  auraotium 

Rind  of 
the  ff u it 

Bcrgamotte 

Yellow 

■ 

^&  Afclokoca  leucodeodra 

Lcave« 

Cajcput 

Gnca 

^H 

^K  £u^etiia  car)'ophyUaU 

Capsules 

Cluves  ^ 

Yellow 

«  ^^H 

^^m  Carum  carYi 

isecd* 

Carsways 

Yellow 

^^1 

^Hi  Amonittm  cardamomutn 

Seeds 

Card,  seeds 

Yellow 

^H 

^K  r*,.i.„-  acauiis 

Roots 

White 

^H 

WfS-                 chtcrefulium 

Letfcs 

CKervn 

Snlpb.  yeL 

^H 

n6,  vtamcarta  chatnomilla 

Petals 

Cfaatnomfle 

Blue 

^H 

17*  Laurui  cintiamomum 

Bark 

Cinnamon  § 

Yellow 

^H 

li.  Citmt  medica 

Rind  of 
the  fruit 

Lemons 

YeHo» 

H 

19.  Cockleana  officinalit 

Leaves 

Scurvy  grass 

Ydlow 

^H 

2^.  CDpaifcra  officinalit 

Extract 

Copaiba 

While 

^H 

taadrum  sativum 

Seeda 

Cortand,  seed 

While 

*  ^H 

.  ucui  fauvu^ 

Pistils 

Sajfron  § 

Yclbw 

^H 

:|,  Piprr  cubcba 

Seeds 

Cubcb  pep. 

Yellow 

^H 

^^#^  r  Aiirtifc  cumahan 

Birk       ' 

CuhTabati 

Brown  yd. 

^H 

^■;                71  cfmiuum 

Seeds 

Cummi 

Yellow 

^H 

^^Hb.  tuiM.i  iiciCTiiurn 

Roots 

Pile  cam  pane 

White 

^H 

^Hf.  Anetimm  fzniculum 

Seeds 

Fennel 

White 

^H 

^HlCniton  cleylKeria 

Bark 

Cascarilla 

Yellow 

^H 

^^Ar  Mttanta  galanga 

Roots 

Galanga 

YcUow 

^H 

^Hbt  HyMopus  oiScinalis 

Leaves 

Hysstip 

Yelbw 

^H 

^^B.  JoniperuA  comtnunia 

Seeds 

Juniper 

Grceo 

^H 

Flowers 

L^avcnder 

Yellow 

^H 

^^K.  Linnu  nobiJis 

Btnic* 

Laurel 

Brownish 

^H 

^K:              buroccra&us 

Leaves 

Lauroccras*  $ 

^H 

^■35              JIB  hgUBticum 

Roots 

Lovagc 

Yellow 

^^M 

r      56,  Mf nieica  tnoschata 

Seeds* 

Mace 

VeUow  • 

n 

^^^^L                  f  The  mU  ma 

fked  (  tiifk  in  iirater. 

fthoafiiedotj. 

J 
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37.  Ongttaa  aiijoninm 

38.  Pisucia  leotiAcus 

39.  Mitrlcaria  partliciiitin 

40.  MeUtsa  officinaUi 

41.  Mentha  critpa 

42.  — -  piperittt 

43*  AcbiDea  mtnefoIittBi 

44.  Citrus  aiiraatiuiD 

45.  Onganum  creticom 

46.  ApimD  pctroteUnimi 

47*  Pinna  aylveitrit  ct  abiea 

48*  PSpor  ni^nmi 

49.  RoaflMurinos  officinalii 

50.  Mcn^a  pukgiom 

51.  Gcniita  canarioMia 

52.  Rota  cenlifelia 

53.  R«ta  graveolens 

54.  Junipcrus  sabina 

55.  Sahna  dJcinalia 
56*  Santalam  aHmm 

57.  Laanit  taasafina 

58.  Satsreia  hortcaaia 

59»  Tbymiia  tcrpilhim 

^o.  Valeriana  oficiaaKs 

61.  Ksmpferia  rotunda 

62.  Aoaomum  Zinnbcr 
ti.  AtidropogoD  icbMiaii- 


Leavet 

Reain 

Plant 

Leavea 

Lcifca 

Lcafca 

Flowers 

Petals 
Flowers 
Roots 
Wood 
k  ream 
8eeda 
Plant 
Flowers 
Root 
Petab 
Leaves 
Leares 
JLcavvs 
Wood 
Root 
Leaves 
Leaves 
and 


Root 
Root 
Root 


I 


OUof 


ManonuB 
Kfastich 
Motherwort 
Balm 

Peppenmnt 

Mfllefoa 

Neroli 

Spanish  hop 
Pankj 

Turpentine 

Pepper 

Roseoiary 

Pennyrojal 

Rhodtuaa 

Roaea 

Rue 

Savine 

Sage 

Saatalunl 

Sassafiraa 

Satureia 

ThToie 

Valerian 
Zedoarj 
Ginger 
Sirm 


Coloar. 


Tetbw 
Ydlow 
Bhe 
White 
White 
YeUoir 
Bluesttd 
ypccft 
Orange 
Browtt 
YcBMr 

Coloodea 

YcBoir 

Cobuilai 

YdhMr 

Ydbw 

ColoollM 

YcUmt 

YdkMT 

OffMB 

YcBmt 
Ydlnr 
Y«Bo* 

Ydb* 

Gftmk 


YdliMr 

BfOWB 


ScTcnd  of  the  gtim  reaini^  aa  mjrrh  mi  gMmmi^ 
jiddliktwiaeaaaaaeiitiil  oily  aad  like  wiattha  fmhmii^ 
aa  hinnmnf  &C* 


WAX. 


SECT.  XX, 


OF   WAX. 


X  nz  npp^  surface  of  the  leaves  of  many  trees  t$  co- 
vefed  with  a  varnish,  which  may  be  separated  and  ob- 
tabed  in  a  state  of  purity  by  the  following  process  : 

Digest  the  bruited  leaves,  first  in  water  and  then  In  ^j^^tj, 
skoboly  till  every  part  of  them  which  is  soluble  in  ptaot^ 
thtsB  liquids  be  extracted*     Then  mix  the  residuum 
wth  nx  times  its  weight  of  a  solution  of  pure  ammo- 
miay  sod,  after  sufficient  maceration,  decant  off  the  solu- 
tioOt  filler  it,  and  drop  into  it,  while  it  is  incessantly 
stirred,  diluted  sulphuric  acid,  till  more  be  added  than 
p  11  sixflSdeol  to  saturate  the  alkali.     The  vamish  preci-. 
^tstes  in  the   form  of  a  yellow  powder*     It  should  be 
camfully  washed  with  water,  and  then  cuelted  over  a 
[CQtk  fire  *• 

lir  Tingry  first  discovered  that  this  vamish  posses- 
f«din  the  properties  of  heei  waxf.  Wax,  then,  is  a 
fcgetsble  product.  Several  plants  contain  wax  in  such 
ibundaiice  as  to  make  it  worth  while  to  extract  it  from 
tikcm*  But  let  us,  in  the  first  place,  consider  the  pro- 
pcriies  of  bees  wax,  the  most  common  and  important 
ipccies*  This  substance,  as  Huber  has  demonstrated, 
CMltaiy  to  the  generally  received  opinion,  is  prepared 


*  Hombtt^it,  JMCedL  mid  Phf*,  y««r.  iiL  J7S. 
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Book  IV.     by  the  beet  from  honey  or  sugar,  the  latter  yielding  the 

greatest  proportion  of  it  *• 
Propertict         1*  Wax,  when  pure,  is  of  a  whitish  colour  ;  it  is  des* 
•tbcowtt.  ijjyj^  ^f  jijjjg^  ^^  ^^^  scarcely  any  smclL     Bees  wax 

indeed  has  a  pretty  strong  aromatic  smell ;  b^t  this 
seems  chiefly  owing  to  some  substance  with  which  it  is 
nixed  ;  for  it  disappears  almost  completely  by  expo- 
sing the  wax^  drawn  out  into  thin  ribands,  for  some 
time  to  the  atmosphere.  By  this  process,  which  if 
called  bleaching^  the  yellow  colour  of  the  wax  disap. 
pears,  and  it  becomes  very  white.  Bleached  wax  it 
not  affected  by  the  air  f  • 

2*  The  specific  gravity  of  unbleached  wax  varies 
from  0*0600  t  to  O'Q650  $  \  that  of  white  wax  froa 
.0'9203  to  0*0662  $• 

3*  Wax  is  insoluble  in  water  ;  nor  are  its  properties 
altered  though  kept  under  that  liquid. 
.  4.  When  heat  is  applied  to  wax  it  becomes  soft  ^  sod 
Ht  the  temperature  of  142^,  if  unbleached,  or  of  155^ 
ii  bleached  ||>  it  melts  into  a  colourless  transparent 
/laid,  which  concretes  again,  and  resumes  its  focmcr 
appearance  as  the  temperature  diminishes.  If  thohttt 
be  stijl  farther  increased,  the  wax  boils  and  evaporate!  i 
and  if  a  red  hent  be  applied  to  the  vapour,  it  takes  fire 
and  burns  with  a  bright  flame#  It  is  this  property 
which  renders  wax  so  useful  for  making  candles.  . 
Actioaof  6.  Wax  is  scarcely  acted  on  by  alpotiol  when  cc^d^ 

akohol»       j^^^  boiling  alcohol  dissolves  it.     This  was  knQWi|.jo  ' 


«  Nichobm*t  Jw.  iz.  xSi. 

f  Sennebier,  Amm.  d*  Cbim.  ziu  Co.  aad  /mt,  it  Pbyu  izsTuit  56. 

I  Boitock,  Nicbotwn't  /wr.  iv.  130. 

\  Fabreni,  CrelKi  ^m/#,  i797»»«-  l»i- 

1  Rostock,  NicholMD*!  /Mrr.  i.  71. 


)feumiAD •,  ind  hai  been  lately  verified  by  Dr  Bo-     Clu^l  ^ 

UQckf  •     Rather  more  than  20  parts  of  alcohol  arc  i»c-  

etnifj  lo  dissolve  one  part  of  wax  i  «Ddas  the  soluHoii 
coobp  the  greater  part  of  the  wax  precipitates,  and  the 
ttDttiiider  is  thrown  down  by  water  t* 

6*  EUier  his  but  Utile  action  on  wzx  while  cold  i  bill 
when  tsaUted  by  hear,  tt  takes  up  about  ^thoftts 
weight  of  it,  aod  lets  the  greatest  part  precipitate  oa< 
ooottngf* 

1.  Wax  combines  readily  with  fixed  oils  when  assist, 
ed  by  hcmtt  and  forms  with  them  a  substance  of  greater 
or  less  consistency  according  to  the  quantity  of  oil* 
This  Gomposiiion,  which  is  known  by  the  name  of  ct^ 
r^tif  is  imich  employed  by  surgeons.  :  - 

The  vt>lati!e  oris  also  dissolve  it  when  heated.     This 
is  well  known,  at  least,  to  be  tlie  case  with  oil  of  tur* 
fmtinc*     A  p«rt  of  tlie  wax  precipitates  usually  as  the 
•dittioa  coolly  but  of  a  much  softer  consistence  than 
imali  aod  therefore  containing  oil. 
I.  The  fixed  alkalies  combine  with  it«  and  form  a  Act;afiof 
und  which  possesses  all  the  properties  of  common  Alkalio^ 
When  boiled  with  a  solution  of  fixed  alkalies  in 
r,  the  liquid  becomes  turbid,  and  after  some  time 
tie  toop  separates  and  swims  on  the  surface.    It  is  pre- 
cipitaied  from  the  alkali  hy  acids  in  the  state  of  flikes, 
which  are  ihe  wax  very  little  altered  in  its  properties 
Pusicwax,  which  the  ancients  employed  in  painting  in 
tBOiafio,  if  a  soap  composed  of  20  parts  of  wax  and 


•  Nevmami'i  cknhiry,  p»  311. 
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of  sods  *•    Its  compocitioB  was  ascertained  bj  M 
Lorgnaf. 

When  boiled  with  Kqotd  Mnaxmia,  it  forms  a  kin 
of  soapy  eoMilsioa.  As  the  niztore  cools^  the  greale 
part  of  the  compound  rises  to  the  surftce  in  the  ota' 
of  white  flakes*  This  soap  is  scarodj  solnble  ia  wi 
terl. 

f  •  The  acids  have  but  little  action  oo  wax ;  tm 
oagrmuriatie  acid,  which  acts  so  violentlj  on  moat  hi 
diesy  prodflces  no  other  change  on  it  than  that  of  lei 
darhif  it  white.  This  property  which  wax 
of  rcaistiog  the  action  of  acids^  renders  it  rcry  i 
•0  n  lote  to  conf  ne  acids  properly  in  Tesseh^  or  to  pn 
vent  them  from  injuring  a  commoo  cork. 

10.  Mr  Lavoisier,  by  means  of  the  apparataa  wUc 
ho  Oflspbyed  in  the  analysis  of  aloahol  and  oQs^  m 
which  haabcen  deaeribed  ia  the  First  Part  of  thie  Wosl 
oontrived  ta  bam  wax  in  oxygen  gas.  The  ^pNBslil 
of  wax  consumed  was  21*9  grains*  The  oxygon  gl 
eaqpfeyedin  coosoming  that  quantity  anMonted  to  00*  J 
giaosa*  Gmoequently  the  substances  coasnmedaaaMa 
od  to  08*45  grains*  After  the  oombostioo,  there  wo 
Ibond  ia  the  glass  vessel  02*58  grains  of  carbonir  oci 
aod  a  quanti^  of  water,  vdiicb  was-aappoaedto  amoo 
to  25*87  grains*     These  were  the  oi^  prodo^SBv 

Now  02*58  grains  of  carbonic  acid  gas  oontnio 
ors^  of  oaygco«i4xS^oa  of  carbons  aad  sr  ^9  OEsam  of  iPBMr  iStt 
ai-99  q£  oiygcn  and  3*S8  of  hydrogen 

Goosequently  21*9  parts  of  wax  are  composed  of  lOM 


8  Plinj,  fib.  »d.  c.  14.  f  fmr*  dk  Piy.  Kor.  I^lf « 

t  Boftock,  NkfaolmiV  Aur.!?.  I|4> 
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ffoilQii  ud  S'9i  ei  hjAtogw*    Aad  too  parts  of   ,Q>ay.L 
vtt  lie  coai{iOfed  of  $2'J28  csurbon 

11*72  hjrdrogcn 


100*00  • 

Bot  Ihts  ftsmljsis  can  cmljr  be  considered  as  an  ap« 
proxImatioQ  to  the  truth  $  the  quantitj  of  water  being 
ml;  ciumated^  and  that  of  the  gas  being  liable  to  un« 
ccrtaiDtf  •  There  can  be  no  doubts  from  the  little  ac* 
ibo  of  ftdds  on  wax,  that  it  contains  oxygen  as  an  in- 
(rcdicot.  We  roust  therefore  consider  it  as  a  triple 
f08i|KHiiid  of  carbon,  hydrogen,  and  oxygen  ;  bat  the 
pfOportiaof  are  unknown. 

If  wax  be  distilled  with  a  heat  greater  than  212^, 
Aerc  comes  over  a  little  water,  some  acid,  a  very  little 
laid  and  odorous  oil  :  the  oil,  as  the  distillation  advan- 
ces, becomes  thicker  and  thicker,  till  at  last  it  is  of  the 
eonatstency  of  batter,  and  for  this  reason  has  been  called 
iMfir  ^/  watt.  There  remains  in  the  retort  a  small 
fovotity  of  coal,  which  is  not  easily  reduced  to  ashes. 
When  the  butter  of  wax  is  repeatedly  distilled,  it  be« 
comes  very  fluid,  and  assumf*5  the  properties  of  volatile 
nilf. 

II.  Wax  possesses  all  the  essential  properties  of  fixed 
oiL  We  must  therefore  consider  it  as  a  fixed  oil  ren* 
dered  concrete.  Now  that  species  of  fixed  oils,  distin- 
guished by  the  epithet ^/o/,  have  the  property  of  been- 
oda^  concrete,  and  assuming  the  appearance  of  waXt 
m^xn  exposed  long  to  the  air ;  in  coniequence,  it  is 
,  of  the  absorption  of  oxygen.     Hence  proba- 


*  Ltfoiiterr  /«vr.  dt  PSyt.  zxxi,  j^, 
f  Lcm«r7»  Mm,  f*r.  1708*  p.  $^ 
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hlj  the  diif^reDce  between  wax  and  fixed  oiU  contiiil 
in  the  oxygen  which  it  contains  as  a  component  pmr% 
The  wax  at  its  first  formation  was  in  all  probabilitjr  tft 
the  state  of  a  fixed  oil ;  but  hy  the  absorption  of  oxy* 
gen  it  gradual!/  concreted  into  wax.  Wax,  then,  niaj 
be  considered  as  a  fixed  oil  saturated  with  oxygen. 

12*  It  is  natural  to  suppose,  if  this  theory  be  just^  that 
fixed  oil  wilt  occur  in  plams  in  various  states  of  hard- 
ness :  and  this  accordingly  is  the  case.     Sometimci  it 
is  of  the  consistency  of  butter,  and  this  is  dcnominattd 
a  buiier  ;  thus  we  have  the  butter  of  cacao^  the  butter 
of  coco,  the  butter  oi galam.    Sometimes  it  is  of  a  great-i^ 
er  consistency,  and  then  is  denotninated  tallow  ;  thoa 
we  have  the  tallow  of  the  croton^  extracted  by  boiling 
water  from  the  fruit  of  the  croion  sehifera*     When  it« 
consistency  is  as  great  as  possible,  it  then  takes  the  ap« 
pellation  of  vmx.     Thus  we  have  the  myrtU  wax  of  A« 
merica,  extracted  from  the  seeds  of  theiwyrjVa  artferaf 
and  the  ptla  of  the  Chinese.     The  species  of  wax,  theo^ 
which  exist  in  the  vegetable  kingdom^  may  possibly  be 
as  numerous  as  the  Bxed  oils.     Let  us  take  a  view  of 
some  of  the  most  remarkable. 

Bees  wax  is  the  species  whose  properties  have  been 
described  in  the  former  part  of  this  Section. 
Mmle  ^^*  Tht  myrtle  wax  of  Noith  America  is  obtained 

*■**  from  the  myrica  ctrifera.     We  are  indebted  to  Dr  Bo* 

stock  •  and  Mr  Cadet  t  for  a  very  exact  account  of  its 
properties  and  extraction.  The  myrica  ctri/irs  i«  a 
shrub  which  grows  abundantly  in  Louisiana  and  other 
parts  of  North  Ametica.     It  produces  a  berry  about 


' 
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time  «f  t  ptpptr  eoro*    A  vtrf  fimile  ibmb  jicMe 

Ij  Mvca  poands.  Tbe  berrits  are  picked  dfp 
WD  into  a  kttilci  and  eavertd  with  water  to  the 
M  abdiU  half  a  foot.  The  kettle  if  then  boiled, 
Ibt  btiriei  ttirfed  and  squeezed  against  tlie  stdea 
of  tba  i^eiaih  The  wax  which  thty  con  tain  ia  melted 
0«t  ind  awtms  em  the  surface*  It  ii  skimmed  cfff,  pcia* 
^fl§  flifongli  a  cIolb|  dfiedy  melted  again,  and  caat  into 
^H|tti«  From  the  observattons  of  Cadet^  we  learn  that 
^fta  w«s  famii  the  outer  oovering  of  the  berriea.  The 
i^Htac  dMi  obiatned  is  of  a  pale  green  colour*  Ita  spect'^ 
■Hafravilf  Is  I'Oiao*  It  mclta  at  tbe  temperature  of 
'  IttO^  I  #kfii  tirociglj  heated  it  bvtnis  with  a  white 
Ina^  pfodooea  little  smoke,  and  dtiriag  the  GonbuitioQ 
fBiia  ao  agreeable  aromatic  odour.  Water  does  not 
Kt  opoQ  it«  Alcohol,  when  hot,  dissolves  VW^h  of  its 
utightp  but  lets  most  of  it  fall  again  on  cooling.  Hot 
cdier  dissolves  about  ^th  of  its  weight  f  and  when  slow. 
If  cookd,  deposites  it  in  crystalline  plates,  like  sperma* 
Ob*  Tbe  ether  acquires  a  green  colour^  but  the  wax 
Iceiaiai  nearly  white.  Oil  of  turpentine^  when  assist* 
sd  hj  heat,  dissolves  it  sparingly.  Alkalies  act  upon 
h  aearij  as  on  bees  wax.  The  same  remark  applies 
to  acids*  Stdphuric  acid,  when  assisted  by  heat,  dia- 
tbtm  abeiBt  Vrth  of  its  weight,  and  is  converted  bto  a 
thitkdark  brown  mass  *•  Mr  Hatchett  has  lately  de* 
tead  a  substance  precisely  similar  to  myrtle  wax  ia 
kef.    It  probably  exists  in  many  vegetables* 

11,  The  Chinese  extract  a  wax  from  various  vege- 
tibks»  which  they  manufacture  into  candles,  and  of 
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^o^T^  which  thej  form  man j  of  the  delicate  omamenU  idudl 
are  brought  to  Europe  \ 

15.  Wax  hat  been  detected  bj  Proust  in  the  greeo 
feeuta  of  auiny  plants  ;  the  cabbage  for  instance.  Ho 
thidiLS  that  it  forms  a  constituent  of  the  pollen  of  all 
flowerSy  and  that  the  bees  collect  it  along  with  the  gin* 
ten  of  the  pollen^  which,  according  to  him^  serves  thea 
for  £ood  f.  But  there  is  undoubted  evidence  that  wax 
ia  actual! J  formed  bj  bees.  The  observation  of  Mr 
John  Hunter  led  him  to^cooclude  that  it  oooMa  firom 
under  the  scalj  rings  which  cover  their  hinder  parts. 

Proust  has  also  detected  wax  covering  the  rind  of  re- 
sins,  plums,  oranges,  and  other  similar  fruitat*  Ia 
abort,  it  seems  to  be  one  of  the  most  abundant  of  vego^ 
table  principles. 


Hiitory. 


SECT.  XXI. 


OF    CAMPHOR. 


X  HE  substance  called  camphor^  though  unknown  to 
the  Greeks  and  Romans,  seems  to  have  been  long 
known  in  the  East.  When  it  was  first  brought  to  £o* 
rope  does  not  appear,  though  it  seems  to  have  been  in* 
troduced  bj  the  Arabians,     ^tius  is  the  Arst  peraoa 


*  See  HiL  7rmu,  X753,  p.  153 ;  in  which  Father  dlncarntte  gif«i 
tame  account  of  the  taliow  tree,  tod  mode  of  extracting  thf  taUow  or 
wu. 

t  Jmlf.^^BlyAiu^^.  and  in.  |  lUd. 
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who  tftkts  notice  of  it«  It  is  mentioned  in  the  writings 
of  Pancekasp  in  such  d  manner  es  lo  lead  to  the  suppo- 
lilioa  thst  it  wms  in  common  use  in  his  time.  Chemists 
someimitt  arranged  it  among  rcsin$»  sometimes  among 
volatile  oth  ^,  till  Neumann  published  his  dissertation 
00  it  in  1125  f .  He  there  examined  its  properties  in 
detail,  ix»d  demonstrated  that  thej  differed  from  those 
ckf  e\*efy  otlier  subst^fice  i  and  concluded  in  conse- 
quence, that  camphor  must  be  considered  as  a  peculiar 
vegetable  principle.  To  Neumann,  then,  we  are  io^ 
debcsd  for  the  first  correct  experiments  on  the  proper- 
ties flf  c&mphor* 

ft  cones  to  Europe  chiefly  from  Japan.  It  is  ob* 
tittltd  from  the  iaurut  camf>!fora,  a  tree  common  in  the 
East,  hf  distilling  the  wood  along  with  water  in  large 
tram  pots,  on  which  are  fitted  earthen  heads  stuSed  with 
uriw*  The  camphor  sublimes,  and  concretes  upon 
tke  itraw  in  the  form  of  a  grej  powder  t*  It  is  aftcr- 
md$  refined  in  Holland  by  a  second  sublimation.  The 
teisds  axie  of  glass,  and  somewhat  of  the  shape  of  a 
,  with  a  small  mouth  abeve  looselj  covered  with 
fipcr.  According  to  Ferberi  about  ^th  of  pounded 
tiilk  is  mixed  with  the  crude  camphor  f  ;  but  others 
inure  its  tliat  there  is  no  addition  whatever  employed. 
According  to  Lewis,  nothing  more  is  necessary  than  a 
poper  regulation  of  the  fire  ||  j  and  Professor  Robison^ 
irba  witnessed  the  process  as  well  as  Neumann,  in* 
fermi  us,  that  the  camphor  in  the  subliming  vessel  it 
h  a  Gquid  state,  which  it  could  scarcely  be  if  quick- 
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iioic  wrrs  coiplajcdi  at  Uast  in  anjr  coanderabk 
tity  •. 

i*  Camphor  Ihui  rt£aed  is  »  white  brittle  tab! 
hftving  It  ptotiUar  tromaitc  odour,  aad  a  ttrsag  b«t 
acrid  taite*     ItB  specific  gravttjr  ii  0*9887  f« 

It  ii  not  ftlured  by  atmos(»herLC  air ;  but  it  t«  M  ve- 
latile,  thtt  if  it  he  exposed  during  warm  weathcf  iji  aa 
open  vessel,  il  eTaporates  comptetely*  Wbtn  subliOMd 
in  elase  vesieJs  it  crystalUxc!!  in  hexiigcoal  plates  or  pj« 
ramiAs  t* 

9.  |t  is  insoluble  in  water  ;  but  it  eonromiiMtei  to 
that  liquid  a  certain  portion  of  its  peculiar  od^iir  f . 

a.  It  dissolves  readity  in  alcohol,  and  is  prteipttated 
again  by  water.  According  to  Neumann,  well  recti* 
ficd  alcohol  dissolves  tiuee* fourths  of  its  wtigbl  of 
camphor,  fiy  distillation  the  akohol  passoi  ovetr  fint. 
and  leaves  the  camphor*  This  property  affords  an 
•asy  tntihod  of  purifying  camphor*  Dissolve  the 
camphor  in  alcohol,  distil  o6F  the  spirit,  and  mail  the 
catnp)>or  into  a  cake  in  a  glass  vessel  1|*  If  the  aJco- 
hoUo  solution  of  camphor  be  diluted  with  water  u 
much  as  possible,  without  causing  the  camphor  lo 


1 


•  ftbcVt  Uuurti^  >i-  351* 

f  According  to  BrtiscMi.  Dr  Shtw  it«f^  it  «t  0*796  (filisiw'i  Ay<^ 
iL  346.)  I  sad  ik  1  lui  bcffo  copied  inru  mott  ol  the  Mc«at  chemicil  be«k^ 
f  robaUy  Jt  iruici  b  iti  dcnitry  coniiderably.  |  Romica.. 

\  From  the  expcnmcn'^  of  Cidct  it  »ppcarm,  thiU  s  Preach  plot  Umm^ 
ter  di^olirc*  ftbottt  16  graitu  id  c»nif>hor,  aiui  that  the  c&tnphor  m^j  be 
yrecapicitcd  by  pure  potath.    Am*  J*  Chim.  liil  i^% 

I  Th  »  prcicet*,  propcueil  by  Lcwii  (Neumann*!  Ctrm,  p.  jsa),  il 
turtly  pf«lcr»hk  to  thit  of  Tronumdorf*  who  preci plates  the  camphor 
Vy  water  from  the  akohol,  and  tbca  aeka  it  aato  a  okc    te  <lnBV 
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Bill  crystal*  of  earophor  ws^olbKftg  foUicf »    Chi|..  i. 
gfMMIqp  bl&i 

ik  CoDphor  k  soluble  also  in  oils^  both  fised  and 
volttile^  U  the  lolotton  be  made  bj  means  of  heat| 
lk»  it  GDoli  p«n  of  the  campbor  precipitated^and  atsumea 
Ike  form  of  plumose  or  feather«like  crjstals  t« 

5«  CjMDphor  it  not  acted  on  hj  alkalies,  either  purd  AlkiUcf, 
or  itt  Ibe  icate  of  carbonates.  Pure  alkalies  indeed 
teem  to  dtssoli^e  a  Uttle  camphor  j  but  the  quantity  is 
too  aniill  to  be  perceptible  by  any  other  quality  than  its 
odoar  t*  Neither  is  it  acted  oti  by  any  of  the  neutral 
Mils  which  have  hitherto  been  tried. 

0.   AmdB  dissolve  camphor  without  efierVesceocep   Adda* 
IbA  10  general  it  may  be  precipitated  unaltered  from 
the  reoott  aoltition. 

To  Mr  Hatchett  we  are  indebted  for  an  accurate  io*  SulpbitHe 
TCftigatioti  of  the  action  of  sulphuric  acid  on  camphor.  ' 
Upoo  a  bimdred  grains  of  powdered  camphor  he  pour* 
ed  so  ounce  of  sulphuric  acid*  The  camphor  imme- 
distrly  became  yellow,  and  gradually  dissolved  while 
the  add  changed,  first  to  brownish  red,  and  afterwards 
to  brown.  In  about  an  hour  the  liquid  became  black- 
ish hrowD,  and  began  to  emit  abundance  of  sulphurous 
aad  gas.  In  four  hours  the  whole  appeared  like  a 
thick  black  liquid^  and  no  other  smell  except  that  of 
Salphoroui  acid  could  be  distinguished  in  it.  As  du- 
nog  two  days  no  farther  alteration  took  place^  the 
akoibtc  containing  the  solution  was  put  upoa  a  sand 
bllb  moderately  warm,  by  which  means  an  additional 
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Book  IV. ^  quantity  of  tolphproDS  apid  gas  was  driven  off.  AftfiD 
two  days  the  liquid  was  sTowlj  mixed  with  tix  oonccii 
of  water.  It  became  reddish  brown,  ft  considerable 
coagulum  of  th^  same  colour  subsided,  the  aulpharoos 
acid  smell  became  imperceptible,  and  was  sQcceadtfd 
by  a  smell  similar  to  that  of  a  mixture  of  the  otta  of 
lavender  and  peppermint*  The  whole  was  pow  slowly 
distilled.  The  water  which  came  over  had  the  anme 
sinell  as  the  original  liquid,  and  there  floated  ovec  it  a 
little  yellowi&h  oil.  A  blackish  brown  mass  rupained 
behind,  not  acted  on  by  water  ;  but  alcohol  extracted  a 
resin.. I  s  substance,  and  acquired  r*  blackish  brown  co^ 
Jour.  What  remained  was  charcoal.  Thaf»  bj  the 
action  of  sulphuric  acid,  the  camphor  was  decompoeed 
and  converted  into  oil,  blackish  brown  resin,  and  cliai> 
coal.   The  proportion  of  each  was  as  follows ; 

Yellow  oil  •  •  •  •  •  •     3  grainy 

Charcoal §% 

Kesinous  substance  49 

105 

Making  an  increase  of  five  grains,  either  from  watet 
yrhich  was  retained  by  the  resinous-like  substance,  or 
from  oxygen  with  which  it  had  combined. 

The  resinous-like  substance,  thus  obtained,  was  iq 
reidity  a  species  of  artificial  tannin.  It  was  very  brit- 
tle, had  the  odour  of  caromel,  and  an  astringent  taste. 
It  dissolved  in  cold  water,  and  the  solution  precipitated 
iron,  lead,  tin,  and  lime,  dark  brown.  It  precipitated 
{|old  in  the  metallic  state,  threw  down  isinglass  in  the 
state  of  a  blackish  insoluble  substance,  aqd  had  the 
property  of  converting  skin  into  leather.      A  small 


CAHPHOR. 


II 


vnmBtifT  of  nitnc  acid  converted  it  mto  the  artiSctal     Chip.  I. 
Iscinin  obtained  from  charcoal  by  nitric  acld^* 

Nitric  acid  dissolves  camphor  readily,  and  In  great  Kitrksdd, 
mbcUKboce*  The  solution  separates  into  two  portionft  ; 
liiftt  which  contains  the  camphor,  and  most  of  the 
•cid,  floats  opon  the  top  of  the  other  in  the  form  of  a 
¥crjr  pale  yellow  oil.  This  solution  is  known  by  the 
name  of  01/  of  camphor^  Water  and  several  metals 
precipttale  Ihc  camphor  unaltered  f.  Alcohol  com- 
btnes  with  th#  oil  of  camphor.  When  this  solution  of 
campffor  in  nitric  acid  is  long  kept,  a  portion  of  the 
ipbor  separates  in  crystals,  and  swims  on  the  sur* 
e,  and  a  small  portion  is  converted  into  camphoric 
^•dd  1. 

Muriatic,  sulphurous,  and  fluoric  acids,  in  the  st»te  ^th«racl^ 
of  gas,  dis&oKx  camphor.  When  water  is  added,  the 
ctBphor  appears  unaltered  in  Hakes,  which  swim  on 
the  surface  of  the  water  $•  It  is  dissolved  also  by  water 
impregtiated  with  carbonic  acid  gas  j|,  by  acetic  acid  ^, 
tad  probably  by  all  adds. 

T*  When  heat  is  applied  to  camphor  it  is  volatilized. 
If  the  heat  be  sudden  and  strong,  the  camphor  melts 
before  it  evaporates  ;  and  it  melts,  according  to  Vcn- 
iMi,  at  the  temperature  of  300®  ;  according  to  Ro* 
ifttro,  at  421^  •••     It  catches  fire  very  readily,  and 


Act  100  ti 
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%  flattche  (caad  these  changti  m  a  tmI  of  oil  of  camphor,  which  had 
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Booktv.  emits  a  great  deal  of  flame  as  it  buroi^  but  it  Icavca  no 
residuum.  It  it  ao  inAaxninable  that  it  ooatijiuea  lo 
bum  even  on  the  surface  of  water*  When  camphor  it 
Bet  on  fire  in  a  large  glass  globe  filled  mth  OKjrgeo  (as^ 
and  containing  a  little  water,  it  burns  with  a  vtry 
bright  Aamci  and  produces  a  great  deal  of  heal.  Tlic 
inner  surface  of  the  glass  is  soon  covered  with  a  black 
powder,  which  has  all  the  propeitjes  of  charcoal;  a 
quantity  of  carbonic  idd  gas  is  evolved  «  the  water  ill 
the  globe  acquires  a  strong  smelly  and  is  imprcgoattd 
with  carbonic  acid  and  camphoric  acid^> 

If  two  parts  of  alumina  and  one  of  caoipfaor  be  form* 
ed  into  a  paste  with  water »  and  distilled  in  a  glass  le- 
tort,  there  comes  over  into  the  receiver  (which  should 
contain  a  Uttl6  water,  and  oomiounicate  with  a  pneuma- 
tic apparatus)  a  volatile  oil  of  a  golden  jellow  colaiar, 
8  little  camphoric  acid^  which  dissolves  in  the  waUfi 
and  a  quantity  of  carbonic  acid  gas  and  carbureted  liy* 
drogen  gas,  which  may  be  collected  by  means  o£  a  pueo* 
matic  apparatus.  There  remains  in  the  retort  a  sob* 
ytaace  of  a  deep  black  colour,  composed  of  alumina  and 
charcoal.  By  this  process,  from  122  284  pacts  of  cam/- 
phor,  Mr  Bouillon  la  Grange,  to  whom  we  are  iudebt- 
ed  for  the  whole  of  the  analysis  of  camphor,  obtained 
45*$56  parts  of  volatile  oil  and  30*371  par ta  of  cbar* 
eoal.  The  proportion  of  the  other  products  was  not 
ascertained  f. 

From  this  analysis,  Mr  Bouillon  la  Grange  coqi 
that  camphor  is  composed  of  volatile  oil  and  cJii 
or  carbon  combined  together.    We  !larn  from  his  eX' 


a  BottiUoD  !a  Grugc*  Jnn,  de  Clim*  ixiii,  t68* 


i   J  pi4.  p. 


t:4iMrU0R* 


71 


Cht^L 


Specie*  ol* 
cunphnrt 


I.  CocimioQ 


petiBctttBi  that  tho  tiltiirtate  iogf^ieiits  of  cdmi>b<Mr  are 
c^Hkni  fti»d  h  jdrogeo  ^  and  that  the  proportion  of  car- 
boa  IB  nm^  grciier  Uiaa  in  oiU. 

e*  There  arc  several  species  Qi  campnoi  which  have 
f  xaoiiRcd  bj  cbecnisLs^  ami  wUicb  differ  consider-* 
ahlj  from  tach  other  ia  their  properucs*  The  roost 
moiarkablo  are  common  campbor^  the  can^har  ofvola^ 
iik^ils^  and  ibe  camfhtir  obtained  by  treating  oil  oftur* 
pmfim  *«ith  nrnriatk  acid* 

Uw  Cocamon  camphor^  obtained  by  distilUtton  from 
tbe  ikfnu  cumfhora,  is  the  substance  which  has  been 
deacribed  lo  the  preceding  part  of  this  Section,  la 
EoriKO  and  Siunatra  camphor  it  procured  from  the 
lomrmi  ntmatrtmis  4  but  as  none  of  this  camphor  is 
btoaglit  to  Europe,  we  do  not  know  hoi^  far  it  agrees 
whh  common  camphor  in  its  properties.  The  Umtus 
rfwMWPimfitiii  likewise  yields  camphor. 

1&«  The  second  species  of  camphor  seema  to  exist  in  \^^^^ 
a  great  variety  of  plan  ts,  ^ud  is  held  in  solution  by  the 
folaiile  oila  extracted  from  them.  Neumann  obtained 
it  firom  oila  of  ibyme»  marjoram,  cardomum  *  i  Her. 
mm,  Crom  oils  extracted  from  various  speciea  of 
aitQI  f  •  Cartheuser  obtained  it  from  the  root«  c^  the 
wsrimim  £tiUaaga,  k^empftria  rotunda,  amontum  ^inziher^ 
k^Mi  cmiia  Xt  ^tid  rendered  it  probable  that  it  is  coa* 
tamed  in  almoU  all  the  labiated  plaata.  It  has  been 
sDppoMd  to  esdst  m  these  plants  combined  ix^tth  rola- 
tite  oU.     Proust  has  shown  how  it  may  be  extracted^ 
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PooklV.  in  considerable  quantitj,  from  manj  volatile  oils^. 
All  that  it  necessary,  is  to  expose  the  oil  to  the  open 
air  at  a  temperature  between  22^  and  54^  ;  the  oil 
graduallj  evaporates,  and  the  camphor  crystallizes •  By 
this  process  he  obtained  from  the  oil  of  rosemary  i|^tb 
of  its  weight  of  camphor,  from  that  of  sweet  marjo- 
Yam  Tvth,  from  oil  of  sage  |th,  and  from  oil  of  laven* 
der  more  than  |th.  By  distilling  the  oil  in  a  water* 
bath,  some  degrees  under  the  boiling  point,  till  one- 
third  of  of  the  oil  comes  over,  part  of  the  camphor  it 
found  crystallized  in  the  stilKvessel.  This  being  re- 
moved, and  the  oil  again  distilled  as  before,  more  cam* 
phor  crystallizes.  By  three  such  processes  the  whole 
of  the  camphor  is  obtained  from  the  oil.  The  camphor 
is  then  purified  by  mixing  it  with  a  little  dry  lime,  and 
subliming  it. 

From  the  observations  of  Mr  John  Brown,  there  is 
reason  to  believe  that  the  camphor  from  oil  of  thyme 
diiiers  from  common  camphor  in  several  respects.  It 
does  not  appear  to  form  a  liquid  solution  either  with  ai- 
trie  or  sulphuric  acid ;  nor  is  it  precipitated  from  nitrie 
acid  in  powder  like  common  camphor,  but  in  a  glut!* 
nous  mass  f. 
3.  ArtiAcial  I'r  T^^  artificial  camphor  yielded  by  oil  of  tnrpen* 
fampkor.  ^\^^^  when  saturated  with  muriatic  acid  gas,  was  diseo- 
vered  by  Mr  Kind,  apothecary  in  Eutin,  while  employ, 
ed  in  making  a  medicine  called  the  tijttor  artbrttieuf 
^fm  pro.  Pottii.  He  put  a  quantity  of  oil  of  turpentine  into  a. 
Wottlfe'.n  bottle,  and  caused  a  curren  t  of  muriatic  add  gas» 
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ihrougb  it.   The  salt  used  was  of  the  same  weight  with 
the  oil  of  turpentine.     At  first  the  oil  became  yellow^ 
Ihen  broiTfii  and  at  last  became  almost  solid,  from  the 
IbrroatJoit  of  a  great  number  of  crystals  in  it,  which  pos- 
irssed  the  properties  of  camphor  •,    This  curious  expe- 
f  tment  W4s  repeated  by  Trommsdorf  with  a  similar  re- 
lull*     Me  examined  the  camphoric  crystals  obtained, 
tod  found  them  in  most  respects  to  agree  with  common^ 
^fltphar^  though  in  some  they  differed  t*    The  society 
of  mpothecaries  at  Paris,  on  being  informed  of  these  paiw 
tkulart^  appointed  Messrs  Clozel,  Chemeti  and  Boullay, 
to  examine  the  subject*      The  result  of  their  labours 
has  been  giren  to  the  world  by  Boullay  %.    They  ascer- 
tained the  proportion  of  camphor  yielded  by  oil  of  tur* 
pciitiiir«  the  best  dose  of  muriatic  acid  gas^  examined  the 
poperttes  of  the  camphoric  production,  and  endeavou- 
rtd  to  explaiii  the  way  in  which  it  had  been  formed. 
Tbe  experiment  of  Kind  was  repeated   by  Hagen  ia 
llOi  f  ;  and  more  lately,  a  set  of  experiments  on  the 
cuae  lubject  was  made  by  Gclilcn^  Schuster,  and  Pesib, 
thicfly  in  order  to  elucidate  the  theory  of  the  process  \\* 
Thcoard  has  repeated  them  with  the  same  object^. 

The  proportion  of  muriatic  gas  found  to  answer  best, 
il  inhtt  can  be  separated  by  sulphuric  acid  and  heae 
£fooia  .  of  common  salt  equal  in  weight  to  the 

pOof  r     ^         lie  employed.      The  camphor  produced 
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BooUV.     amounU  nearly  to  one-bdf  of  the  oil  of  turpcotiiic. 
Tbe  French  apothecaries  putintoa  Woulfic's  bottle  four 
poandft  of  oil  of  turprntiae,  and  into  a  tubulated  retort 
four  pounds  of  common  aaU,  and  two  pounds  of  i^ul* 
phuric  ncid,  and  drove  off  the  muriatic  acid  gas  b/ 
means  of  heat.     It  wis  totally  absorbed  hj  the  oilt  the 
bulk  of  which  waa  augmented  by  ^thp  while  it  becuM 
at  the  lamc  time  very  hot*     Its  colour  became  browH  | 
it  retained  it%  transparency  i  and  drops  of  oil  gradual!/ 
fomcd  at  the  bottom  of  it»     In  24  boors  it  deposited 
regular  crystals ;  whichi  being  separated  from  the  browa 
liquid  will)  which  they  were  n\taed,  and  dried  on  blot^ 
Ling  paper,  wctjghed  24  ounces*     The  liqtiof  being  left 
Uft  aome  days  in  a  cellar,  deposited  four  ouncea  more 
of  tlve  same  crystals  i  and  by  exposure  to  an  artifieial 
cold  of  about  14^»  two  ounces  more  were  obtatJi#l| 
making  a  total  of  30  ouoces»  or  If  lb*  from  the  faisr 
poofkda  of  oil  of  turpentine.     No  additionml  crjpflds 
were  obtained  by  increasing   the  quantity  of  gas  ;  bm 
the  French  chemists  did  not  find  that  the  produce  ^t 
camphor  waa  diminished  by  this  augmentation^  aa  bail 
been  concluded  by  Trommsdorf  from  his  trials* 
Fn^»ert)ca.         The  camphor  thus  procured  was  very  whioe  $  ift  bll 
a  peculiar  odour,  ia  which  that  of  the  oil  of  turpei^e 
could  be  distinguished.     When  washed  with  water,  it 
became  beautifully  white^  and  gave  no  longer  aigns  of" 
containing  an  acid,  but  still  bad  the  smell  of  oil  of  tUr^ 
pentine.  Water  containing  some  carbonate  of  potash  de* 
pri  ved  it  of  part  of  this  odour,  but  not  the  whole.  When 
mixed  with   its  own  weight  of  charcoal  powder,  wood- 
ashes,  quicklime,  or  porcelain  clay,  and  sublimedi  it  was 
obtained  in  a  state  of  purity* 

Its  smell  when  pure  resembles  that  of  common  cam* 
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f  H^i  b»t  IS  Qot  $a  9irotig,  lit  tftsto  sh»  veiMiU^  thtt 
ttf  csmpbor*  It  swifni  on  water^  to  which  it  commti- 
mkjlii  mtisle,  and  bonis  upon  ititurface*  It  diitolvcs 
cemptetely  in  ikohol,  and  is  precipitated  bjr  water. 
Nitric  add,  of  the  ipecific  giavitj  f261^  had  oa  actioa 
Ml  iff  thivugb  it  readily  dissolves  common  camphor  i 
ImiI  coocaiiliatc^d  Qitric  acid  dis&olvcs  it  with  the  dis«a- 
pge^isoi  of  nitrous  gas ;  and  water  does  not  precipitaie 
U  bom  its  solution  as  it  does  common  camphor*  Aoc. 
;  add  does  not  dissolve  it*  When  heated  it  sublimes 
ithout  decomposition ;  and  when  set  on  fire  bums  like 
camphor. 

Sudi  are  the  properties  of  this  artifidal  camphor,  as 
&r  as  Ihey  have  been  investigated*  We  sec  from  them 
that  it  resembles  common  oamphor,  except  as  far  as  re- 
girds  the  action  of  acids.  In  the  experiment  of  The- 
naid^  the  residual  liquid  was  not  brown  but  colourless. 
He  ascribes  the  brown  colour  of  it,  in  preceding  experi* 
pciits^  to  the  oil  of  turpentine  used  containing  some  re> 
lia  mia^  with  it^  whereas  his  had  been  purified  bj 
disiiUing  iu  According  to  him  the  oil  of  turpentine  is 
iot  de«|mpos€d  by  this  prooess*  The  residual  liquid 
be  tbmks  maj  b^  owing  to  the  presence  of  some  fo* 
mgu  oil  in  oil  of  turpentine.  When  this  residual  li- 
quid ii  exposed  to  the  air  for  some  days  it  loses  its  ac^d 
pi^fprrties,  though  it  still  contains  abundance  of  acid* 
But  the  acid  is  ueutratliz^ed  by  the  oil. 

GebkQ  ascertained  that  neither  fluoric  acid  gas^  sul- 
phimvusadd  gas,  nor  ammoniacal  gas,  produce  any 
SQch  deoompoailioa  in  oil  of  turpentine.  Neither  is  any 
sodi  chinge  produced  by  the  action  of  oxymuriatic  acid 
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Book  IV.  gto  • ;  bnt  when  oil  of  turpentine  is  distilled  slowly  a( 
« iieat  of  I22^f  a  number  of  crystals  of  camphor  tub- 
lime  from  it  f.  No  other  oils  tried  yielded  campbor 
when  impregnated  with  mnriatic  acid  gas  p 

12.  Camphor  is  much  used  in  noiedicine.  It  ia  a 
.  powerful  stimulant ;  it  is  considered  as  peculiarly  efi-^ 
cacious  in  diseases  of  the  urinary  organs ;  it  is  often  wtt^ 
viceable  in  mania^  and  procures  sleep  when  every  othet 
medicine  fails. 


SECT.  XXII. 


OF  BIRD-LIKEi 


XBE  vegetable  principle  to  which  I  give  the  naihe  df 
iirJ'Kme,  was  first  examined  by  Vattquelin,  who  fonild 
Diaeofcr/.     it  possessed  of  properties  different  from  ev^ry  other.  It  ~ 
was  found  collected  oik  the  epidermis  of  a  plant  brougBt 
to  Europe  by  Michaud,  and  called  toUma  viscaialff 
Cels ;  constituting  a  viscid  substanee,  whith  made  tbe^ 
fingers  adhere  to  the  young  twigs  $.   ^rom  the  Iftte  anrf» 
lysis  of  btrdJime  by  Bouillon  la  Grange,  it  is  obvious 
that  it  owes  its  peculiar  propetties  to  the  presence  of  in 
analogous  substance,  which  indeed  constitutes  the  esaea* 
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tial  part  of  that  composition  *•     Hence  the  reston  why    .  *^'P-  ^ 

I   have  givca  the  natcoe  of  tird^iime  to  the  priocipk 

itsdf. 

1.  Nstsirttl  b!rd*]ime  (or  that  which  exudes  spoota* 

iKOUsly  frotn  plants)  possesses  the  following  properties ; 

Ittcoloor  is  green  i  it  has  no  sensible  taste  or  smell  i 

m  cxtreineljr  adhesive  ;  softens  by  the  heat  of  the  fin* 

gBi,  and  ssteks  to  them  with  great  obstinacy.     When 

heated  it  melts,  swells  up^  and  bums  with  a  consider* 

able  fiaine^  leaving  a  bulky  charcoal  behind  it*    It  doea 

QOI  difsolTe  in  water  ;   alcohol  has  but  little  action  oa 

it,  especially  when  cold.     By  the  assistance  of  heat  it 

dinolves  a  portion  of  it  ;  but  on  cooling,  allows  th^ 

gieitest  part  to  precipitate  again.     When  exposed  to 

tlkt  sir  it  continues  glutinous*  never  becoming  hard  and 

kiltie  like  the  rcstns. 

•  lieoobinei  readily  with  oils.     Ether  is  its  true  sol* 

|f8ll^  dtnotving  it  readily  without  the  assistance  of  heat* 

MOliitiQO  is  of  a  deep  green  colour*      Tbe  alkalies 

Jo  sot  combine  with  it ;  tbe  effect  of  the  acids  was  not 

tiiedt*     These  properties  are  sufficient  to  distinguish 

bird*lime  from  every  other  vegetable  principle* 

h  is  not  unlikely  that  the  viscid  substance  which 

((yvcn  the  stem  of  tbe  lychnis  viscanap  jaxtfroga  trim^ 

iat^fHtfU  mod  a  few  other  phnts  common  in  this  coun« 

tr]r,ioDsists  of  this  vegetable  principle.     It  has  not  hi- 

thrm,  as  far  as  1  know,  been  examined  by  any  che* 

iust« 

:  Artificial   bird-lime  i;*   prepared   from  different  »■  ArtifiuU 

bird-Ume. 
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ftUbstaneet  in  difTerant  countries*  The  berries  q{^  1 
miiktoe  ftre  mid  to  have  been  formerly  employed*  Til 
wtre  pounded,  boiled  in  i^'ater,  and  the  hot 
ponrtd  oif.  At  pre9ent  bird-time  it  uttxMy  pr 
from  the  middle  bark  of  the  hoUy*  The  proctl 
lowed  in  England,  aa  deacrtbed  by  Gedflfroj,  ia  i 
k)ws :  The  bwrk  is  boiled  in  water  acveii  or  eight  boi 
ttU  it  becomes  tofu  It  is  then  laid  in  qiianiittes  in  I 
e9ifh|  covered  with  stoneiy  and  left  to  fitment  or  i 
fbf  a  fortnight  or  three  weeks.  By  this  fermentsia^ 
jt  changes  to  a  mucilaginoua  coa^iatency*  It  ia  tb 
taken  ft  om  the  pitt,  pounded  in  tnortara  to  a  pasiKi  m 
well  washed  with  rivef  water.  BofuiUoo  la  Grange  t; 
forms  us,  thhX  at  Nogcnt  le  Rotrou  btrd-Uine  tSi^H 
by  cutting  the  middle  bark  of  the  hoUy  into  imaU  pflU 
fermenting  them  in  a  cool  place  for  a  fortnight^ 
then  boiling  them  id  waterj  which  is  afterwiida  t 
nited.     At  Commerci  various  other  plants  ate 

Bouillon  la  Grange  made  bird.lime  for  the 
of  analysis  by  the  following  process.  He  bnaiaad 
sufRcient  quantity  of  Ihc  middle  bark  td  the  ImIIj 
boiled  it  in  water  for  four  or  fivo  hours,  mud  ikcls  4 
posJted  it  ifi  pits  placed  in  earthen  pans,  whore  h  cot 
ttttoed^  being  tndstened  occmsionally  with  waior  li 
it  became  vtscoos.  Laatlyi  it  was  freed  firom  »ll  bi 
terogernroui  substances  by  washing  it  with  pnirt  wain 
Thus  prepared,  it  resembled  the  blrcklims  mt  iiMl 
merci  very  exactly  f.  ^ 

lu  ookur  is  greenish,  its  flavotu*  sotir,  and  iti  H 
dstenoe  gluey»  stringy^  and  tenacious*     Its  smell  ti 
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il 


sultf  to  ctuit  of  Unseed  oil.  When  spread  oil  a  glass 
plite  tfld  exposed  to  the  air  and  light  it  dries,  becotnes 
broWfli  loies  its  vtsdditjr,  nnd  may  be  reduced  to  pow* 
ijrr,  tmt  whcQ  water  is  ^d6cd  to  it^  the  glutinous  pro- 
perfjr retiims.     It  reddens  vegetable  blues. 

Wben  gentlj  heated  it  melts  and  swelli,  and  emits 
IB  odour  like  tha(  of  animal  oils.  When  heated  oti 
fdhot  coaUp  it  burns  with  a  lively  flame,  ar>d  gives 
ooltgieal  deal  of  smoke,  leaving  a  white  ash^  compO'^ 
ledofcarbotiaie  of  lime^  alumina,  ironi  sulphate^  and 
uriite  of  potash, 

f Water  has  little  action  on  bird-lime.     When  boiled 

io  sntff  the  bird-lime  becomes  more  liquid,  but  reco« 

rersits  original  properties  when  the  water  cools.     The 

eft  bj  this  treatment,  acquires  the  property  of  red* 

aing  Vegetable  blues,  and  when  evaporated  leaves  a 

maieilagilious  substancci  which  may  be  likewise  sepa. 

tmd  by  alcohol «  ^ 

A  concentrated  solution  of  potash  forms  with  bird* 
lime  a  whitish  magma,  which  becomes  brown  by  eva- 
p^rstiont  while  aiamonia  separates.  The  compound 
l^  ^— -d  is  less  viscid  than  birdlime,  and  in  smell 
ift  '  ^embics  soap.     In  alcohol  and  water  it  dis* 

Wvei  almost  completely,  and  possesses  properties  simi* 
no  tlioK  of  soap, 

^Weak  acids  sol  ten  btrd*^Iime  atid  partly  dissolve  it  \ 
acids  act  with  more  violence.  Sulphuric  acid 
Itndcrs  it  black  \  and  when  lime  is  added  to  the  solu* 
!ioo,  acetic  atid  and  ammonia  separate.  Nitric  acid 
_«oi«l  iiaslutle  eHeri  j  but  wlicn  ab^isted  by  heat  it  dis- 
hn  the  bird*Hme  i  and  the  solution,  when  evaponi^ 
Elieii  IcftTcs  behind  it  a  hard  brittle  mas^*  By  treating 
'ibis  mais  with  nitric  ac:d,  a  new  solution  may  be  ob- 


Chdii.  1. 
- — ^ ' 


tKGREDlENTS  OF  FLAKTS, 


Brt*»k  IV. 


uined,  which  by  evaporation  yields  malic  and  oxalt^ 
acids,  and  a  yeUow  matter  which  po&aested  several  n^ 
tiie  properties  of  wax*  Cold  mviriattc  aetd  does  not  Ml( 
on  bird-lime  f  hot  muriatic  acid  renders  it  black. 

Bird'^lime,  when  treated  with  o):jmuriatic  acid 
came  white^  and  is  divided  into  hard  compact  ms 
having  unaltered  bird*lime  in  ihcir  centre.  This  whi|| 
substance  may  be  pulverised  ;  it  is  insoluble  in  mntic^ 
does  not  melt  when  heated  ;  and  when  treated  wilh  ai 
trrc  »cid,  it  neither  becomes  yellow,  nor  does  it  jritli 
resin.  , 

Acetic  acid  softens  bird4ime9  and  dissolves  a  certain 
portion  of  if.  The  liquid  acquires  a  yellow  coliMij^ 
Its  taste  is  insipid.  When  carbonate  of  potash  is  dropi 
into  thi^  soluttoni  no  precipitate  falls.  By  evapora 
it  yieidi  a  re!»inou<t  hke  substance. 

Some  of  the  metallic  oxides  are  reduced  when  I 
with  bird-lime.     Litharge  combines  with  it,  and  i 
a  kind  of  plaster. 

Alcohol  of  the  specific  gnvity  0*817  dissolve!  1 
Unie  at  a  boiling  heat.     On  cooling  it  lets  fall  a  yelloi) 
SHaiter  similar  to  wax.     The  filtered  liquid  is  bitto^ 
itmseottSy  and  acid.     Water  precipitates  a  substMioei 
miiar  to  resin* 

Sulphuric  ether  dissolves  bird-lime  readily, 
great  sibundance.     The  solution  is  greenish*     Wfa« 
mixed  with  water^  an  oily  substance  separates^  whii 
has  some  resemblance  to  linseed  oil.    When  evapc 
a  greasy  substance  is  obtained,  having  a  yellow  cc 
and  the  softness  of  wax.     Oil  of  turpentine  dia 
bird*!  i roe  readily. 

Sach  arc  the  properties  of  artificial  bird^liine. 
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m^  ^7  btTC  beea  iovestigated  by  Bouillon  La  Grange  *. 

^^l  is  obirioiis  thaU  it  contained  acetic  actd^  roucilgge,  smd 
^iemeni]  alksilioe  aod  earthy  bodiesi  which  must  be  con* 
^dcred  as  fpreign  substances*  When  these  are  remo« 
-%*od,  the  close  analogy  between  artificial  and  natural 
1>ird«lime  b  sufficiently  obvious. 
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b  at  present  the  opinion  of  chemists,  that  nnni 

_«tind  in  the  same  relation  to  the  volatile  oils  that  wax 

\  to  the  J^xed,     Wax  is  considered  as  a  fixed  oil  sa« 

ated  with  oxygen ;  resins,  as  volatile  oils  satorated 

the  same  principle. 
The  resins  arc  very  numerous ;  and  on  account  of 
various  purposes  to  which  they  are  applied,  and 
'^Cbe  peculiarity  of  their  properties,  constitute  one  of  the 
most  important  genera  of  vegetable  substances.     Till 
lately  they  have  been  very  much  overlooked  by  chc- 
inlits,  who  satisfied  themselves  with  picking  up  doubt- 
ful information  from  artists  and  manufacturers.    Many 
enoncous  opinions  concerning  them  have  of  course  been 
idmitted  into  every  system  of  chemistry.     The  subject 
hlstitely  engaged  the  attention  of  Mr  Hatchett,  whose 
coQimnmate  skill  and  happy  talent  for  observation  pe« 
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culiarly  fitted  him  for  the  task.  To  that  gentleniUn  I 
am  indebted  for  some  of  the  most  important  facts  iir 
this  Section. 

Resins  often  exude  spontaneously  from  trees  ;  thej 
often  flow  from  artificial  wounds,  and  not  uncommonly 
are  combined  at  first  with  volatile  oil,  from  which  tfiey 
are  separated  bj  distillation.  The  reader  can  be  at  no 
loss  to  form  a  notion  of  what  is  meant  by  resin,  when 
he  is  informed  that  common  rosin  furnishes  a  very  per- 
fect example  of  a  resin,  and  that  it  is  from  this  sub* 
stance  that  the  whole  genus  derived  their  name :  for 
rosin  is  frequently  denominated  resin.  «. 

1.  Resins  may  be  distinguished  by  the  following  pro* 
perties : 

It  They  are  solid  substances,  naturally  brittle ;  hare 
a  certain  degree  of  transparency,  and  a  colour  most  com- 
monly inclining  to  yellow.  Their  taste  is  more  or  less 
acrid,  and  not  like  that  of  volatile  oils ;  but  they  have 
nf  smell  unless  they  happen  to  contain  some  foreign 
body.  They  are  all  heavier  than  water.  They  are 
all  non-conductors  of  electricity  ;  and  when  excited  by 
friction,  their  electricity  is  negative. 

2.  Their  specific  gravity  varies  considerably.  The 
following  Table  exhibits  a  view  of  the  specific  gravitj 
of  such  of  the  resins  a$  have  been  hydrostatically  exa< 
mined  *• 

Elemi., 1-0182 

Anime... 1*0284 


♦  The  upec'fic  gravitiet  in  the  text  were  ascertainrd  by  Briuoiu  Th 
older  writers  differ  *o  much  from  each  other,  that  there  is  reamn  to  lui 
1  ect  that  the  tubatancM  trif  d  were  not  always  tlioic  to  which  we  at  pn 
•CI  r  give  (he  lamt  name^. 


Copal 1'0452  <^»^  •• 

Tacam«bac. .  •  •  l*04(ia 

Rositi 1'0"I2T 

Ma&uch r074^ 

Sandarich,,*., ♦1*0920 

L;ic 1'1390 

LabdanurQ l*lS(i2 

2«  When  exposed  to  bent  they  tncli  i  ^nd  if  tfie  heat   Actton  «l 
lli^  iacrtased  tbejr  take  fiie,  and  burn  with  a  stiong  yel-    *"  ' 
lo%r  £ame|  emitUDg  at  the  same  time  a  vast  quatitit/  of 

4*  Tilt  J  are  a]l  insoluble  in  water  i^hcther  cotd  or  w^icr, 
V^moi  I  boi  i^beJi  they  are  melted  along  with  water,  or 
s^muccd  with  volatile  oil^  and  then  distilled  with  water, 
sA^ey  seem  to  unite  with  a  portion  of  that  liquid  j   fur 
^jLlicy  become  opaque,  and  lose  much  of  their  brittleucss.  * 

his  at  leaM  is  the  case  with  common  rasin. 
5.  They  are  all,  with  a  few  exceptions,  soluble  in  al-   Alcohlana 
;obaI|  rspeciaUy  when  assisted  by  heat.     The  solution   ^*  ^' 
»i  osually  transparent ;  and  when  the  alcohol  is  evapo* 
[Titcd|  the  resin  is  obtained  unaltered  in  its  properties. 
Alcohol,  according   to  Tingry,  ne%cr  takes  up  more 
iban  one-third  of  its  weight  of  resin.     When  the  so* 
ItttioD  \%  mixed  with  water,  it  becomes  milky^  and  the 
itiin  falls  in  the  state  of  a  while  powder.     They  are 
lolable  aJso  in  sulphuric  ether. 

G.  Several  of  tfaeto  are  soluble  in  fixed  oils,  etpe-  Olh, 
cially  in  the  drying  oils.     The  greater  number  arc  so» 
Itiblc  in  the  volatile  oils  ^  at  least  in  oil  of  turpentine^ 
the  one  commonly  employed. 

XMr  Hatchett  first  examined  tlie  acUoo  of  fixed  al-  Alkalia, 
kmlitf  on  resins,  and  ascertained,  contrary  to  the  rccei- 
t*rd  opinion  of  chemists,   that  alkaline  leys  dissolve 
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.^00^  ^V* .  them  with  ftcilitj.  He  redoced  m  qototity  of  commo 
rosio  to  powder,  and  gradually  added  it  to  a  boilin 
linvium  of  carbonate  of  potash  i  a  perfect  solution  wa 
obtained  of  a  clear  yellow  colour,  which  continued  pei 
manent  after  long  exposure  to  the  air.  The  experi 
ment  succeeded  equally  with  carbonate  of  soda,  and  wit 
solutions  of  pure  potash  or  soda.  Every  other  resi 
tried  was  dissolved  as  well  as  rostM.  Nothing  can  ai 
ford  a  more  striking  proof  than  this,  of  the  necessity  < 
repeatbg  the  experiments  of  out  predecessors  befoi 
we  putiimplicit  confidence  in  their  assertions,  M 
Hatchett*s  discovery  must  lead  to  very  important  oor 
sequences^  The  well-known  fact,  that  the  teap^^i 
kers  in  this  country  constantly  mix  r&sM  with  thd 
soap ;  that  it  owes  iu  yellow  colour,  its  odour,  aAd  it 
easy  solubility  in  water  to  this  addition,  ought  to  bMX 
led  chemists  to  have  suspected  the  solubility  of  resit 
in  alkalies^  No  such  consequence,  however,  was  drmw 
from  this  notorious  fact^ 

These  alkaline  solutions  of  resins  have  the  propel 
ties  of  soap,  and  may  be  employed  as  detergents.  Wlie 
mixed  with  an  acid,  the  resin  is  separated  in  flake 
usually  of  a  yellow  colour,  and  not  much  altered  ift  xi 
nature. 

Ammonia  acts  but  imperfectly  upon  resins,  and  doe 
not  form  a  complete  solution  of  any  of  those  bodies  hi 
tberto  tried. 

AcidiL  8.  It  was  the  received  opinion  of  chemists  that  add 

do  not  act  upon  resins.  This  opinion  seems  to  hav 
been  founded  on  the  known  eflfects  of  nitric  acid  upoi 
Ails,  and  on  the  old  theory  derived  from  thttt  attion 
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thst  riMiOT  mmpoiuids  of  an  oil  and  an  acid  **  Mr 
fiitcliett  int  ssGcrtained  this  opinion  also  to  be  erro* 
oeoQSi  tod  ihowed  that  most  of  the  acids  dissolve  re^ 
stoivtth  bmhtyt  producing  different  phenomena  ac- 
cofriing  to  circumstances. 

When  sulphuric  acid  is  poured  upon  any  of  the  re- 
119  m  powder,  it  dissolves  them  in  a  few  minutes.    At 
int  the  aolution  is  transparent,  of  a  yellowish  brown 
cobar>  and  of  the  consistency  of  a  viscid  oil,  and  the 
fcso  fltty  be  precipitated  nearly  unaltered  by  the  addi* 
tionof  water.    If  the  solution  be  placed  on  a  sand  bath, 
^Bcoicmr  becomes  deeperi  sulphurous  acid  gas  is  emit- 
^^k,  tird  it  becomes  very  thick,  and  of  an  intense  black  f  * 
^Hrtbe  solution,  some  time  after  it  is  completed,  and  be- 
^Hbi«  it  has  acquired  the  deep  black  colour,  be  cduico- 
^tiled,  and  the  residuum  digested  in  alcohol,  and  the  al- 
cohol afterwards  separated  by  distillation^  the  residue  is 
in  ptrt  soluble  in  cold  water,  and  the  portion  dissolved 
pOMcsses  the  properties  of  artificiat  tannin  t*     Thus  it 
tppeirs,  that  sulphuric  acid  dissolves  resins,  but  gradu- 
liljacu  upon  them  after  the  solution  is  completed,  con- 
voling  them  first  into  artificial  tannin,  and  afterwards 
reducing  them  to  charcoal :  for  the  last  black  state  of 
the  soiutiQn  is  owing  to  the  evolution  of  this  substance. 
Tbe  charcoal  tiius  formed  is  dense,  and  bums  rather 
liite  ininetal  than  vegetable  coaL     Its  quantity  also  is 
ity  considerable.      The  following  Table  exhibits  a 
w  of  the  proportion  of  charcoal  obtained  by  Mr  Hat- 
by  digesting  dilfereiit  resins  in  sulphuric  acid. 
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hmOiW.  ediilcoratiog  the  reatdoe,  and  septrtting  tbe  tta 
meant  of  alcohol  and  water  *•  The  quantity  < 
employed  waa  always  lOO  grains. 

fS  Copal .....87  grain.. 

Mastich , 66 

Elemi..... (fS 

Tacamabac  ...*•. .62 

Amber 55 

Jv08in»*«  •••••« 43 

The  quantity  of  charcoal  formed  by  this  pr* 
very  remaikable.  The  same  substances,  when 
in  the  usual  way  by  exposure  to  a  red  heat  i 
vessels,  yield  very  little  charcoaK  The  foUowi 
Ue  exhibits  th^  quantity  obtained  by  Mr  liatcht 
fQO  grains  of  several  of  thetn  f ; 

Mastieh  •  •  • 4*50  graina 

Amber 3*50 

Rosin.  •  ••••,•••0*05 

Kitrtc  acid,  Nitric  acid  likewise  dissolves  the  resins  with 
but  not  without  changing  their  nature.  Mr  I 
ws^s  first  led  (o  examine  the  actipn  of  this  acid  ox 
by  observing  that  resins  are  thrown  down  b 
from  their  solutions  in  alkalies  in  tbe  state  of 
precipitate  j  but  when  nitric  acid  is  added  in  exc 
whole  of  the  precipitate  is  redissolved  in  a  boilii 
This  remarkable  fact,  which  did  not  hold  wh 
phuric  or  muriatic  acids  were  used,  led  him  to  t: 
ther  the  resins  were  soluble  in  nitric  acid.     He 


•  HatchcttV  Third  Series  of  ErperJinenti,  W/A  Trtnt,  it 
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ft€id  of  the  specific  gravity  I'iS,  on  powdered 
in  i  tubulated  retort ;  »nd  bj  repeated  distiilauon 
iormed  a  complete  solution  of  a  brownisii  yellow  co- 
Jour*  Tbe  solution  took  place  much  sooner  in  an  open 
marri&s  ibtn  in  dose  vesstb.  The  solution  continues 
permaneat,  though  left  exposed  to  the  air.  It  becomes 
torbcd  when  water  is  added ;  but  when  the  mixture  is 
boiled^  the  whole  is  tcdissolved.  When  Mr  Hatchett 
collected  the  precipitate  thrown  down  by  water  by  £U 
tration^  he  found  that  it  still  possessed  several  ol  the 
propcilies  of  resin.  The  resin  is  thrown  down  from 
tiitiic  acid  hy  potash,  soda,  and  amnoonia  ;  but  an  ex- 
cels of  these  alkalies  redissolves  the  precipitate^  and 
bnnM  brownish  orange- coloured  liquids*  When  Mr 
Hatchett  dissolved  resin  in  boiling  nitric  acid|  the  so* 
luilon  was  attended  with  a  copious  discharge  of  nitrous 
gas ;  and  when  the  powdered  resin  was  thrown  into 
cdd  nitric  acid,  a  considerable  e fieri' escencc  soon  took 
pUce,  and  a  porous  mass  was  formed^  commonly  of  a 
deep  orange  colour. 

When  the  digestion  of  nitric  acid  upon  a  resinous 

fabst«nce  is  continued  long  enough,  and  theijuantity  of 

acid    is  sufBcient,   the    dissolved   resin    is   completely 

banged  ;  it  is  not  precipitated  by  water  i  and  by  eva- 

ilioOp  a  viscid  substance  of  a  deep  yellow  colour  is 

if  equally  soluble    in  water  and  alcohol,  and 

lingly  intermediate  between  resin  and  extractive  •• 

H  the  abstraction  of  nitric  acid  be  repeated,   this  sub- 

stance  gradually  assumes  the  properties  of  artitlcial  tan* 


fonnol. 
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Biwfttrv.    Qtn  ••    TTnii  h  sppttn  rtiat  oiiHc  acid  gmdtiMy  all 

the  fistlire  of  fc%ifi|  prodficiBg  *  tsiteef  chtngo  whici 
lermiiiftte  in  artificiil  tanfuttp  upon  which  nitric  tci^  haf ' 

Aceektcid.  Morimtic  »cid  and  acetic  acid  dtisolirc  reiin  slowlfi,^ 
•and  It  iKiQy  be  precipitated  again  horn  them  unaltered  J 
Mr  Httchctt,  to  whom  we  «re  indcbred  for  the  know 
ledge  of  all  fhesc  falnnonty  recommends  acetic  acid  at 
an  excellent  soh'tint  of  resins  for  vegetable  analjae«4^ 
He  employed  it  himself  with  touch  attdreas  in  his 
lysis  of  Ihc  different  varieties  of  kef* 

9.  When  resins  are  uobjecicd  to  destrnetrvf  distilla*^ 
tion,  we  obtain^  ftccordiog  to  Greti,  carbureted  hydreJ 
gen  %nd  csirbonic  acid  ga«)»  a  very  small  |x>rtion  of  aci< 
dulous  water,  and  much  empyrcumatit  oil.     The  eh«r< 
coal  it  light  and  briUtant^  and  contains  no  alkaii  t* 

10*  When  volatile  oils  are  exposed  for  aolne  time  tdl 
the  action  of  the  atmosphere,  they  acq*  ire  eonMSfenoyj 
and  assume  the  properitesof  renins.  During  this  chaogQ 
they  absorb  a  quuntiiy  of  oxygen  from  the  air.  Weti 
Immb  put  30  grains  ot  oil  of  turpentine  into  40  cubi 
inthts  of  oxymuriatic  acid  gas*  Heai  wns  evolvrd 
the  oil  gradually  fvapor«ted,  and  auumed  the  form  o 
yellow  reiin  f  ♦  Mr  Plouit  observed,  tliat  wbeti  voli 
tile  oil  is  exposed  to  ihe  air,  it  is  partly  converted  inti 
■  rcfto,  and  partly  into  a  crystallized  acid  ;  usually  thi 
benxoic  or  the  camphoric*  Hence  we  see  that  the  oi 
ii^HDnverted  into  two  distinct  substances.     During  thi 
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ctiange  uxygcn  is  absorbed  ;  and  FourcToy  has  ooservcd 
ftiui  m  poftion  of  wwcr  is  alto  formed  •*  It  is  proba* 
ble,  froai  thete  facUt  that  resin  is  volatile  oil  deprived 

a  ponioa  of  its  hydrogen,  mid  combined  with  oxy^ 
The  experiments  of  Mr  Hatcbcn  have  added 
Dcittch  to  the  pUusibility  of  this  theory. 

lU  Ucrmbstadt  affirms,  that  to  know  ivhether  a&y  ve» 

isAAt  siib^ance  contains  resin^  xve  have  only  to  pour 
some  mlpboric  ether  upon  it  in  powder,  and  expose  the 
mfuiian  Id  the  light.  If  any  resin  be  pre&etit|  the  e* 
ther  ^ritt  assame  a  brown  colour. 

II,  Having  now  described  the  general  properties  of 
reaoous  bodies,  it  will  be  proper  to  take  a  more  parti* 
niltr  view  of  those  of  them  which  are  of  the  most  im* 
pomace^  that  we  may  ascertain  how  far  each  possesses 
the  general  characters  of  resins,  and  by  what  pecaliari- 
tia  it  is  distinguished  from  the  rest*  The  most  distin- 
jpiiibed  of  the  resins  are  the  following : 

1*  itoiijir.— This  substance  is  obtained  from  different 
f^et  of  j£r ;  33  the  pin  us  abm,  rylvatru,  iarix^  baj- 
t^MUm  Ix  is  well  kaown  that  a  resinous  juice  exudes 
from  the  fhmt  iyhestrtf,  or  common  Scotch  fir,  which 
iurdeas  into  tears.  The  same  exudation  appears  in  the 
pnHU  Mfff  or  spruce  fir.  These  tears  constitute  the 
tubstsfice  called  ibuf,  or  common  frankincense.  When 
1  portloci  of  burk  is  stripped  off  these  trees,  a  liquid 
Juict  Sows  out,  which  gradually  hardens.  This  juice 
toi  obtained  differtat  names  according  to  the  plant  from 
[\t  finus  sjhestris  jrields  common 
Venict  tvrpentini  ;  the  baisamea. 
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^B0WiVr.  laliom  o/"  Canada^  Alc.  Ail  :h€se  jaiccsy  which  ai 
c^mmonij  d:s:xnga:ihe<i  bj  the  name  of  torpcntiae,  ai 
coQsidered  as  composed  of  two  ingredients  ;  namclj 
oil  of  CurpcTicir.e  and  rcs::^.  When  the  turpentine  i 
distilled,  the  oil  comes  over,  and  the  rosin  remains  be* 
hind.  When  ihc  disiillauoa  is  coniinoed  to  drjoea^ 
the  residuum  is  known  bj  the  name  of  common  rotiO| 
or  colophor.ium ;  but  when  water  is  mixed  with  ii 
vrhiie  yet  fiuid,  and  incorporaied  bj  violent  agitadoo, 
the  mass  is  called  yello-jn  rciin.  During  winter  the 
wounds  niade  in  ihc  tir  trees  become  encrusted  with  a 
white  brittle  substance  called  barras  or  galifot^  coosiit. 
ing  of  rosin  united  to  a  small  portion  of  oil.  The  yel- 
low rosin  made  bj  melting  ar.d  agitating  this  substaooc 
in  water  is  preferred  for  most  purposes  \  because  it  ti 
more  ductile,  owing  probably  to  its  still  contaioiai 
some  oil  *.  The  properties  of  rosin  are  those  whid 
have  been  detailed  in  the  former  part  of  this  Section 
Its  uses  arc  numerous  and  well  known. 

UMkh.  2.  Masticb. — This  resin  is  obtained  from  the  fist^cu 

lentiscus  ;  a  tree  which  grows  in  the  Levant,  partial 
larlj  in  the  island  of  Chios.  When  transverse  incisiw 
arc  made  into  this  tree,  a  fluid  exudes,  which  aooQ  OM 
CTCies  into  yellowish  semitransparcnt  brittle  grains  1 
In  this  state  it  is  sold  under  the  name  of  mastich.  1 
softens  when  kept  in  the  mouthi  but  iosparts  very  litt! 
taste.  This  has  induced  surgeons  to  employ  it  to  fi 
up  the  cavities  of  carious  teeth,  which  it  does  toll 
rably  well.  Wheu  heated,  it  melts  ^nd  exhales 
fragrant  odour.     Its  taste  is  slight,  but  not  ^nple; 


b's  Omistrjt  r-  ^i^'  t  Ibid.  p.  S97. 
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cauutclwNic* 


great    quantities   of  St   are   said      chap.  I. 

ti-i   be  ,,,,-  ,,:    for  sweetening   the    breathy   ?itid 

^romg  the  gums*     It  is  to  thts  use  of  the  tesm 

^ttcatory  that  h  is  stipposed  to  owe  its  name*, 

■■■*.-      *  "'e  completely  in  alcohol;  a  soft 

^        les  during  tbc  solution,      Thitt 

lubttance^  in  Neumann's  experitnents,  amonnted  to  a- 

raastich  f  J  tut  in  those  made  more  late- 

.-  -;     ..  .  l^v.icws,  it  wan  nearly  a  fifth  t*    Tlie  nature    Conuim 

^  ibis  insoluble  portion  was  first  examined  by  Kind  J, 

<t6o  fo«und  It  possessed  of  all  the  properties  of  caout* 

""  ese  experiments  have  lately  been  repeated 

::hews  witha  similar  result  ||.     Mr  Brande, 

however,  has  observed^  that  when  this  insoluble  sub- 

tiince  is  dried  it  becomes  brittle,  in  which  respect  it 

iifefs  from  caoutchouc.      He  has  observed  also,  that 

by  ptssJng  a  current  of  oxymuriatic  gas  through  the 

ilcnhdie  solution  of  tnastich,  a  lough  elastic  substance 

n,  precisely  similar  to  the   original  inso- 

ni,^M    V     When  masiich  is  distilled  either  with 

ur  alcobol^  nothing  considerable  comes  over  wiili 

iHetc  liquids  J  but  HolTmann  ascertained,  that  if  the  re* 

sin  be  first  mixed   in  a   mortar  with   its  own  weight  of 

cirbonaie  of  potash^  and  afterwards  distilled  with  alco- 


f  IbicL 
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■  •  r  ti,  tV*4j,  ttY.  1 1 1.  From  thr»c  Mpcrimcnts,  together  with  tho«e 
iriVWolliiton  wi  thi*  itibststicc^  ihcvc  tan  he  litili*  i!oubt  that  it  h  a 
fwArvrjft?  !       tt  may  he  cfunctcrizctl  thus:  BrmUt  le* 

Mfnsi|«rcr.i.  i  fctb;A,trk£uluUc  'm  wMcr  ind  itcohol,  foluLle  in 

chef. 
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^^**'^V  hol,  the  liquid  comet  over  both  with  the  smell  and  taste 
of  mastich  *•  With  the  other  ageoU  it  exhibits  the 
pheaomena  described  in  the  former  part  of  this  Sfction. 

Sandanch.        3.  &«Airiv£.— This  resin  is  obtained  firona  tbey«. 
mi^trmt  co$miumii  or  comnnon  junipefii    It  ezndca  qK>n« 
taoeously,  and  is  usually  in  the  state  of  somII  nmnd 
l^arsof  a  brown  colour,  and  semitraasparenta  not  oaJiiM 
mastich,  but  rather  more  transparent  and  brittle.  Whcq 
chewed  it  does  not  soften  as  mastichdoes*  hot  ommWes 
to  powder.      Mr  Matthews  found  it  almost  completeljr 
soluble  in  eight  times  its  weight  of  alcohol.    The  len^ 
due  was  extraneous  matter  f.     It  does  not  dissolve  ic^ 
tallow  or  oil,  as  common  resin  doest*      Mr  Hatche^^ 
found  it  soluble  in  alkalies  and  acids  with  the  i 
phenomena  as  common  resin  $. 

£1^.^  4*  Einm* — This  resin  is  obtained  from  the 

dimi/fra  ;  a  tree  which  grows  in  Canada  and  Spani^K 
America.      Incisions  are  made  in  the  bark  during  drj 
weather,  and  the  resinous  juice  which  exudes  is  left  to 
harden  in  the  sun.      It  comes  to  this  country  in  hiiif 
roundish  cakes  wrapped  in  flag  leaves.    It  is  of  a  pale 
yellow  colour,  semitransparent ;  at  first  softbb,  hot  it 
hardens  by  keeping.      Its  smell  is  at  first  strong  sod 


<  HolTmaan,  Obitrv.  PSys.  Chim.  StUct.  p.  68. 

f  Nicholion*fl  /oirr.  i.  146.  |  Ibid. 

f  Gieic,aQ  apotliecary  of  Augsbarg,  announctd  lo  Sdierer't  JovmI 
Ar  iSo^  p.  53^  tlutf  Modancli  don  not  diMolve  campletdf  in  akohol  t 
t)i«l  fhft  aai/duc  amoiinta  to  about  Me-iifth  of  the  whole  Thb  raidae 
lie  conaidoci  ••  ft  pccnUar  mbfuncc.  Mr  Matthewiprottd,  bf  ftMtof 
CKpcrimciti^  that  the  whok  of  this  itateoieiit  it  inaccante.  I  hfnt  m 
4pabc  chn  Oieae  employed  nattich  iouead  of  nadarach,  and  that  the  in- 
ioluUe  aubtrancc  detected  wai  rioutchouc 


ftE^ms. 
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ImiI  k  gmduallf  dinunishes.  Ncnmao  found 
thai  ikobal  dtisolved  xjth*  of  this  substance  j  the  re- 
mainder cofuisted  chiefly  of  impunlieSt  axid  was  partly 
takco  op  by  wjLCer.  Both  w^ter  and  alcoliol,  whea 
dttfilled  with  it,  cooie  over  stroogly  impregnated  with 
its  flaTour.  Along  with  the  water  there  comes  aver 
»  Cragraoi  Tolattle  oilp  which  amounts  tp  about  ^^h  of 
the  resin  employed  *. 

5*  T0€atmaia€**^Thx%  resin  is  obtained  from  tliey^. 
gmv  9etamdra^  aftd  likewise,  it  is  supposed,,  from  the 
^ffmh$  iabamifera*  It  comes  from  Ameripa  ia  large 
Mm^  miasaea  wrapt  in  flag  leaves.  It  is  of  a  light 
brown  colour,  very  brittle,  ami  easily  melted  wlien 
heased*  Wheo  pure  it  has  an  aromatic  smell  between 
ibH  q£  lavender  and  musk.  When  distilled  along  witb 
Vilcr  or  alooiiol,  nothing  comes  over  with  these  liquids. 
W}ieii  pore  it  dissolves  completely  in  alcohol,  and  wa* 
M  baa  oo  actioa  on  it  f. 

G,  Ammc* — This  resin  is  obtained  from  the  hytmndta 
imrharii  or  locust  tree^  which  is  a  native  of  North 
Ancrica*  Antme  resembles  copal  very  much  in  its 
sppeartnee  ^  but  is  readily  soluble  in  alcohol,  which 
copal  ii  not :  this  readily  distinguislies  them.  It  is  said 
Do  be  very  frequently  employed  in  the  making  of  var« 
vilkea.  Alcohol  dissolves  it  completely.  Water,  ac* 
cttdiog  to  the  experiments  of  Neumann,  dissolves 
ibom  .^h  of  it ;  and  when  the  decoction  is  evaporated, 
it  leaivea  an  imctuous  mass,  which  makes  the  fingera 
ttlj.     Alcohol  distilled  over  it  acquires  both  the  sincll 
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Book  IV.    and  ttste  of  anime.     Water  distilled  from  it  ihoiifrt  od 
its  surface  a  small  quantity  of  volatile  oil  *. 

i.adanum.  "7.  Ladamm  or  laManum. — This  resin  is  obtained 
from  the  eyshis  creiiau,  a  shrub  which  grows  in  Syria 
and  the  Grecian  Islands.  The  surface  of  this  shrub  is 
covered  with  a  viscid  juice,  which^  when  concreted^ 
forms  ladanom.  It  is  collected  while  moist  bj  draw-^ 
ing  over  it  a  kind  of  rake  with  thongs  fixed  to  it.  From 
these  thongs  it  is  afterwards  scraped  with  a  knife.  It 
is  always  mixed  with  dust  and  sand,  sometimes  in  great 
abundance.  The  best  is  in  dark  coloured  masses^  aL 
most  blacky  and  very  soft,  having  a  fragrant  odour  and 
-  a  bitterish  taste.  The  impurities,  even  in  the  best 
kinds,  amount  to  about  ^th.  Water  dissolves  rather 
more  than  Vrth  of  the  pure  portion,  and  the  matter 
taken  up  is  said  to  possess  gummy  properties.  When 
distilled  with  water,  a  small  quantity  of  volatile  oil 
rises.  Alcohol  likeuise  comes  over  impregnated  with, 
the  taste  and  smell  of  labdanum  f. 

Bfnany  Bay  8.  Botany  Bay  r/Jiii.— This  resin  is  said  to  be  the 
produce  of  the  acaroii  resinl/era  ;  a  tree  which  grows 
abundantly  in  New"*  Holland,  especially  near  Botapj 
Bay.  Specimens  of  it  were  brought  to  London  about  the 
year  1790»  where  it  was  tried  as  a  medicine.  Some  ac« 
coilnt  was  given  of  it  in  Governor  Philips's  Voyage  (• 
and  in  White's  Journal  of  a  Voyage  to  New  South 
Wales  II  s  but  it  is  to  Professor  Lichtcnstein  that  we  are 
indebted  for  an  account  of  its  chemical  properties.    Hcl 


rtaiu. 


*  NeHm«nnD*j  Cltm.  p.  297.  f  Ibid  f.  29J. 
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i  from  London,  and  pablishcd  th(!  re*    ^  ^hipw  L 
tialt  of  bit  exptrtmeols  in  Crdl't  JoiimiJ  t* 

The  mm  cxadei  spontaaeoosly  fron  the  trunk  of 
tbc  Mgiikr  tree  whkh  yields  it^  especitUy  if  tht  birk 
be  wwt»ded.  It  ii  «t  firM  flutd^  but  becomes  grmduallf 
lolid  wbm  dried  io  the  sun*  Aecordiug  to  Governor 
Pbilspti  It  is  coilecttd  ttsoftllj  in  the  soil  Which  tur- 
rpttnds  the  tree,  hiving  doubtless  run  down  spontane- 
ataif  10  tbc  ground.  It  consists  of  pieces  of  ▼ftrioos 
stscs  of  ft  jrdlow  oolour,  unless  when  covered  with  a 

grey  crust*     It  tS  firm,  yet  brittle  §  «od  when  Pr<»pc*ti«^ 

I  not  stick  to  the  mortftr  nor  cake.     In  ibe 

^a^rth  till  easily  reduced  to  powder  without  sticking  to 

the  teeth*    II  couununicates  tutrely  a  slight  sweetish  as* 

tcsifciit  taste*     When  moderately  beatedi  it  mellsj  on 

hot  ooals  it  bums  to  a  coa!|  emitting  a  white  smoke^ 

wbicb   has   a  fragrant  odour  somewhat  like    storax* 

MHieci  tbrofvn  into  tlie  fire^  it  increases  the  flame  like 

pitch*     It  communicates  to  water  the  flavour  of  storajc^ 

hat  is  insoluble  in  that  liquid.      When  digested  in  aU 

cobd^  IwcKtfairds  disaoWe:  the  remaining  third  consists 

«f  one  pftTl  of  extractive  matter,  sohible  in  wster»  and 

IniBf  an  astringent  taste ;  and  two  parts  of  woody 

iht  iod  other  tropurities>  perfectly  tasteless  and  inso* 

bUf*      The  solution  has  a  brown  coIouTp  aitd  exhibirs 

die  ippearance  and  the  smell  of  a  solution  of  benzoin. 

Water  titrows  it  dowi\  unaltered.     When  distilled,  th# 

pf^^f  vrcie  water^  and  empyreumattc  oilj  and  char* 

lail  i  bot  it  gives  no  traces  of  any  acid|  alkali,  or  salt^ 

soteveci  wbca  distil- ed  with  water* 


:  ri^,m,Ui* 
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-^  ^  IVtiv*  ptrti  wert  boiJfd  in  i  solvtion  of  | 
in  water  *.    Two  pwtik  of  the  resin  were 
th^  rttnainiiif  tMi  pmts  urtre  flo«%in^  on  iIm 
^oekmtfg'  togwher  in  dom '   No  cr y^talt  wt rt  i 
l^'^WpDractng  paft  o£llHl^Mution  ;  Ofid  «Mh< 
rio  icidL-waa  dropt  into  another  f>t>rttoii|>mlii<| 
iitmleere^h     Wlieft  mtxeil  with  twice  m  wttg 
trk  ncidy  the  ni%in  vwiiits  tutftlteced  on  the 
iHii  whin  bett  if  appltcdi  «  eonsiderable  eff«i 
tflkm  fdiict.    The  digmim  w«i*€mtiii«i«d  till 
.tffiiec^ce  stopped,  andflnMMii  twiM 
lAe  liquid  ooDectCNd  MgtlHi^lifitlbW^iil 
(»irttted  hy  filtritiocw     It  had   loit  .^V^^ii 
The  feicin  thin  treated  h«d  acquired  a  bttli 
was  myt  to  easily  meltffd  4^  before,  and  aV 
puble  of  dttaolving  only  c^ne-half  of  it.     Vl 
waa  brown,  tasted  Ufce  bkter  almonds ;  attd 
ed  witli  water,  let  Ml  a  yellow  resicioui  pre 
n  very  bitter  ta«te*     The  insoluble  portioo  : 
water,  bvt  formed  aturbid  liquid^  which  ] 
Ibe  "ftker*     The  nitric  ncid  lolution  teparaiedl 
festn  by  filtration  wiis  ttansparent ;  its  o<»lotu"| 
low  ^  its  taste  bilier ;  nnd  it  titiged  iiibftmfi 
it  of  ^n  yellow  colour.    By  evapomtioa  it  yiol 
acid»  and  deposited  a  yellow  eartiiy-ilke  powdi 
last  fttb^tanee  was  insoluble  in  water^  and 
luble  in  alooKoh^    Its  taste  wns  crxcjuisitely  bl 
quassia^     It  tnixed  witli  die  snliva,  |ttnd  rondil 
the  akin  nod  paper  yeilow*      Tbt  residiiujn 


•  By  pure  #«^ij«fs#»  ic  u  unpoiilble  to  uy  wbcihcr  Lichtcm 
tkt  carbofitte  of  loda  er  ptiie  lodt. 


ftmnrs. 

billcr'viATcflow;  but  7teld«d  no  pr«ctpttate  #tt1i  pou     Clsf .4* 
ash  and  nitrate  of  lime  *, 

I  teve  been  diiti  poreaciilBr  in  my  aoooant  of  Lieh- 
iBMlftiitS  wqprrimeiHty  o&  aocount  of  the  very  ctiriout 
■Hiiliii  <!hich  lie  bbtaiaed.  H»d  he  employed  stronger 
ftigattB  ud  gmler  heati  he  would  haKre  most  proba- 
Vtf  «ilicipatcd  ibe  curioiit  discoveries  of  fjatchett« 
Tim  hkter  nibsiaiiee^  into  which  he  coavcned  this  i^r^^* 
mn  bj  nitric  acidp  deserves  particular  attentioo.  He* 
iattpeets  llm  it  ii  cmpible  of  pfoducing  the  same  cl^an« 
gm  OQ  «U  the  resini :  •  coojectttre  which  he^ verified 
wilii  regard  to  roipfiommm,  z%  he  found  it  to  yield 
9f^Mf  m  yellow  bitter  substance.  We  oow  know 
finNR^e  expericDeat»  of  Hatchett^  that  the  acttoo  ef 
ii&io  wA  oa  the  resins  terminatcf  in  the  formatioa  of 
■#S^ta*  tntiiiiy  which  pouesses  a  very  bitter  taste. 

9*  Mittdt  pofiktir  wsttm^^^u  the  year  ITTO  the  black   BUckpop^ 
foplar  ma  pointed  out,  in  a  German  pertodreal  woi'k^  ^  ^^^'^ 
u  a  tree  from  which  abundance  of  wax  ^couJd  be  ob^ 
■ni*       It    was  even    aaid^  that    a    manufactory  of 
cnrfkt  from  the  wax  of  thii  tree  had  been  establithed 
a  Italy,     Thif  account  having  been  revived  in  16  04| 
Sdnider  was  induced  to  make  a  iet  of  experiments  on 
lift  labytei.    He  founds  that  when  the  buds  of  this  tree 
irt  boikd  in  water  and  properly  preaaedi  they  yield 
dmil  4th  of  their  weight  of  a  yellowish  white  sub* 
ftmci,  ii^ich  poaaeasea  ^e  propertiet  of  a  resin^  and 
seieaibieay  according  to  him,  the  yellow  resin  of  Bota- 
ny Bay,     When  digeated  in  water,  a  coloured  solution 
ii  obtadned  which  reddens  litmus  paper,  which  becomea 


•  LichtoMcin,  CreUV  /mt*  1799,  U.  a4a^ 
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L  tV*    muddjf  bjr  cooliiif ,  «id  wlilcli  nrliefi  evaporated  de^ 
posites  small  crj&tftlt  *. 

Orteamo.  10#  The  grem  rennt  which  conitiiutes  the  coloarag 
niHer  of  the  Icavet  of  trees,  Rtid  almost  all  regetAbleSy 
it  iniolublc  in  water^  and  loiubk  ia alcohol.  From  Ihe 
ejipericpentsof  Prottstwe  learn«  that  when  Cremtcd  wktr 
oxjmiirktic  acid  it  aasiimea  the  colour  of  a  witbered 
leafy  and  acqturea  the  restnotts  propetiies  in  greater  per- 
fection f . 

CopI,  11.  Ca^a/.*^Tbti  sobstaocci  which  deserres  panietU 

lar  atteation  from  its  importance  as  a  vanmh,  and 
which  At  first  sight  seems  to  belong  to  a  dtstioct  daaa 
from  the  restnS|;is  obtained^  it  is  sald^  from  ihe  rhitM  efJ 
faUinum^  a  tree  which  is  a  native  of  North  Aaaerieaa 
bot  the  best  sort  of  copal  is  said  to  come  from  Spanuli 
Americdt  and  to  be  the  produce  of  difTerent  trees.  Mo 
less  than  eight  species  are  ennmerated  by  Hernandez  t*^ 
Copal  is  a  beautiful  white  resinous  substance,  witti 
a  slight  tint  of  brown*  It  is  saraetimes  opa<|iiey  maS 
aometimes  almost  perfect^  transparent.  When  heau 
ed  it  melts  like  other  resins  ;  but  it  diifers  from  them 
in  not  being  soluble  in  ulcohol,  nor  in  oil  of  turpentine 
without  peculiar  managment.  Neither  docs  it  dig. 
solire  in  the  fixed  oils  with  the  same  ease  as  the  other 
resins.  It  resembles  gum  animc  a  little  in  appearance  p 
hut  is  easilj  distinguished  by  the  solubility  of  this  lait 
ifi  alcohol  J  and  by  tts  being  brittle  between  the  teetht 
whereas  animc  softens  in  the  mouth  }.  The  apecifa 
gravity  of  copal  %'ariea,  according  to  Brisson*   ff^afr 


I£SIK8* 
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rOi5  to  1*139.  Mr  Hfttchett  found  h  soluble  m  alka-  ^  Oiopt. 
Kes  wd  fkitric  atcid  with  the  Usual  phtuomenn  \  so  that 
m  this  respect  it  agrees  with  rhc  other  resins.  The 
90(ittJoii  of  copal  in  ftlkaltes  he  found  indeed  op:ilcscen% 
but  it  19  ocveftheless  permanent.  It  deserves  attention, 
ifcml  be  found* rosin,  when  dissoh'ed  in  nitric  acid,  and 
then  ihro^vn  down  by  an  alkali^  to  acquire  a  smell  re- 
ionbling  that  of  cepal. 

Wbcn  copal  is  dissolved  in  any  volatile  liquid^  and  F-rmt  the 
ipread  tbhi  upon  wood,  metal,  paper,  &c*  so  that  the 
vnlalile  nacnstruum  may  evaporate,  the  copal  remain i 
perfectly  IranJkparent,  and  forms  one  of  the  mS  beau, 
tiful  mnd  perfect  vaniis!»es  that  can  -well  be  eoneetved. 
The  varnish  thus  formed  is  called  copal  vm-msh^  fi'om 
ibe  difcf  ingredient  in  if.  This  varnish  %%'as  first  dis- 
cortrtd  tn  France,  and  was  long  known  by  the  name  of 
mrmi  mariim*  The  method  of  preparing  it  is  concea!- 
fj  i  but  different  processes  for  dissolving  copal  in  voln- 
lilc  menstrua  have  been  from  time  to  time  made  pubtrc. 
The  foUowing  are  the  most  remirkabte  of  these 

When  copal  is  kept  melted  till  a  sour  smelling  aro-  ^•>'otjoiii« 
matte  odour  has  ceased  to  jtrocecd  from  ft,  and  ihen 
miaed  with  an  equal  quantity  of  linseed  oil,  which  has 
beta  deprived  of  all  colour  by  exposure  to  the  sun,  jt 
miitcf  with  the  oil,  and  forms  a  vsrniah  which  most  ic 
tried  tn  the  tun*. 

I  have  been  soibrmed  by  a  vcty  ingenious  japan  ma-   Jip»rr>m* 
tflhcturer  in  Glasgow,  that  the  copal  varnish  u%cd  by  '*"*^ 
ibt  English  japanners  is  made  as  follows  :    Four  parti 
W  weight  of  copal  in  powder  arc  put  into  a  glass  ma«' 
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^^^'^  UJUti  ind  melted.  The  liquid  if  kept  boiling  litt  tha 
fameiy  coodisiised  apoo  the  point  of  i  tube  Ihfust  inixi 
Ibe  mafrast,  drop  to  the  bottom  of  the  liqiitd  witboiit 
occasioning  aoj  hissing  notsc,  as  water  does*  Tbia  is 
a  proof  that  all  the  water  is  dissipated,  and  that  the  eom 
pal  has  been  long  enough  melted.  One  part  of  boiUnc 
hot  linseed  oil  (previously  boiled  in  a  retort  wiihoui 
any  litharge)  is  now  poured  into  it,  and  well  mixed. 
The  matrass  is  then  taken  off  the  fire,  and  the  Uqaidy 
while  stiU  hot,  is  mixed  with  about  its  own  weight  of  oil 
of  turpentine.  The  varnish  thus  made  is  transparcQip  ^ 
but  it  1^  a  tint  of  yellow,  which  the  japanners  end«a»  ' 
▼our  to  conceal  by  giving  the  white  ground  on  wbieil 
they  apply  it  a  shade  of  blue.  It  is  with  this  varttifk 
that  the  dial  plates  of  clocks  are  covered  after  httviog 
been  painted  white. 

When  copal  is  treated  with  oil  of  tvrpeniine  in  dots  ' 
vessels,  the  vapour  being  prevented  from  efcaptngi  ex« 
erts  a  greater  pressure,  and  the  heat  ri$^  above  the 
boiling  point*  This  additional  heat  is  said  to  enable  the 
oil  to  dissolve  the  copah  The  solution^  mixed  wiAb  a 
little  poppy  oil,  forms  a  vamisih  which  is  distiDguisM 
from  the  virnit  martin  merely  in  having  a  very  s%lit 
tinge  of  brown  *« 

The  method  of  dissolving  copal  in  oil  of  turpentine, 
published  by  Mr  Sheldrake,  seems  to  depend  upon  tbo 
same  principle  with  the  last  solt^ion.  On  two  ounres 
of  copal»  broken  into  small  pieces^  is  poured  a  aaixtiu^ 
of  four  ounces  of  ammonia  with  a  pint  of  oil  of  turpeii* 
^Mi    The  whole  h  kept  boiling  very  gently,  so  thai 


MtttioD  in 
dil  id  tur> 
pcotioe^ 


iPt  llii^*#  LtOntfit  li.  5J9. 
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be   allowtd  to  dinuni&b^  or  if  it  be  faiicd  too  high>  ^ 

prooew  «4ofS»  aad  cmnaot  be  agnin  resumed.     Tlie  mt- 

tnsi»  ui  whidi  the  mixture  is  boiled^  is  flopped  wiib 

a  ccik,  fcctu^d  in  its  place  hj  a  brass  wire,  and  pt pfo* 

fted  bj  a  ^o.      Wiiefi  the  copal  is  nemtlj  dissolved^ 

tefcpcm  if  alof^ed,  and  the  whole  allowed  to  cool 

bGlia  ttaeocking  the  matrass.     ThtaTamish  has  a  deep 

islotts  i  bial  when  spread  thm  and  allowed  to  drj^  it 

beocMDea  oakmileaB.     lis  defect  ia  the  dlHicultj  with 

idiieb  it  dfief .    This  defect  Mr  Sheldrake  remedies  bjr 

Hixoming  the  soliitioii  into  its  own  weight  of  mit  oil, 

Rifcftd  drying  bj  white  lead,  and  agitating   till  tlio 

tine  19  separated. 

Xa  diiaolve  copal  in  aloobol,  Mr  Sheldrake  diisolves  And  cam* 

htlf  sfi  ounce  of  camphor  in  a  pint  of  that  liquid,  and 

pons  the  aolutioo  on  four  ounces  of  copaL     The  ouu 

tttii  is  placed  in  a  sand  bath^  and  the  pr«x:ess  is  con* 

dofilBd^Xlictlj  as  the  one  last  described.     The  solution 

(Ias  Ibmied  CQOtaios  a  great  deal  of  copal,  and  forois  a 

'  :  -      :  ily  colourless ;  but  considerable 

mLm  t«  i*€.w^ij«4ij  i*j  Ui«v'e  cff  the  camphor. 

Mr  Sheldrake  has  latelj  ^vouxed  the  public  with 
2aodicr  and  easier  method  of  dissolving  copaL  This 
mekhod  U  as  follows  i 

**  PioYide  a  strong  vessel  made  of  tin  or  other  metal;  shcUlrake'i 
it  &hsald  be  shaped  like  a  wine  bottle,  and  capible  of 
hoUiog  two  (|uarts ;  it  will  be  convenient  to  have  a 
hadk  strongly  rivetted  to  the  neck  s  the  neck  should 
bi  biig  and  have  a  cork  fitted  to  the  mouth,  but  a 
sokch  or  small  hole  should  be  made  in  the  cork,  thaf, 
whtn  the  spirit  ts  expanded  by  heat,  a  small   portion 


pr«cc»«. 
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B(Kik  IV. 


pU^Mft^ 


m^f  force  sis  wmy  thr<mgh  tli€  bolef  tad  thtti  pre^eol) 

lh«  Testel  from  bursting.  J 

*^  Dissolve  hdlf  an  oonoe  of  otmplior  in  «  quft  offi 

.  tpirU  of  ti^rpenuncy  and  put  it  into  the  %tticl  $  take  m\ 

piece  of  copal  the  stz«  of  a  large  waIout»  reduce  it  toj 

k^oarse  powder  or  vtty  %mM  pieces  ;  put  them  into  Ihm 

tio  bottlci  fasten  the  cork  down  with  a  wirei  and  aet  id 

» as  quick  as  possible  upon  a  fire  so  brisk  as  to  makorl 

the  spirit  boil  almost  immediately  i  iben  keep  it  boil*^ 

ing  very  gently  for  about  an  hour,  when  so  mticb  {A 

the  copal  will  be  dissolved  as  will  make  a  very  gooAi| 

vamisli  %  or,  if  the  operation  has  been  properly  bcgunpl 

but  enough  of  copal  has  not  been  dissolved,  it  otay  hel 

again  put  on  the  fire,  and  by  boiling  it  slowly  for'»| 

'longer  time,  it  may  be  at  last  brought  to  the  conststeacei 

[desired  •/»  i 

Van  Mons  relates  another  process  much  sianpler  tba^ 

any  of  the  above,  which  he  »ays  was  taught  hinri  bjp 

Mr  Demmenicy  a  Dulch  artist.      It  consists  in  expoj 

sing  copal  to  the  actioti  «f  the  steam  of  alcohol*     A^ 

long  necked  matr&^s  is  tilled   one^fourth  full  of  sliODfi 

alcohol,  and  a  piece  of  copal  is  suspended  above  tlto'l 

surface  of  the  liquid  at  some  little  distance  ;  tbe  top  afl 

the  matrass  is  covered  with  a  condensator  ;  the  alcoholi 

is  kept  boiling  :  the  copal  softens,  and  drops  down  intM 

the  alcohol  like  oil.     When  these  drops  no  longer  dis* 

solve,  the  process  must  be  stopped.     The  solution  thusl 

obtained  is  perfectly  colourless.     Copal  t^ay  be  disaolJ 

red  in  oil  of  turpentine  by  the  same  process  f.  i 

The  following  method  of  making  copal  varnish 


f  Kicbsbm*!  J^mt,  ii.  tsj* 


f  Jmr.  it  aim,  uL  sti 


tC^KI* 


las 


Wen  notmmmied  fay  Professor  Leoormwd.      Drop     Chtfit 
npoa  the  pieces  of  copal  pureetsentisl  oil  of  rosemsiy.  L^tv 
Those  pieces  that  are  tofteiied  by  the  oil  are  fit  for  the  ^  *^^ 
piirpoi<e«  t^e  ot^iert  noU     Reduce  them  to  a  fine  pow- 
der^ pcil  thif  powder  intot  glass  vessel  not  thicker  than 
mfiflfcr  breadth*  poor  ^it  of  rosemarj  over  tt^  and  stir 
it  about  with  a  glass  rod,     In  a  short   iTme  the  whole 
ii  connected  iotu  a  very  thick  liquid*     Pour  alcohol  on 
liitaliqotd  by  liitlc  aratiine,  incorportting  it,  by  gently 
afiMb^  the  vesseli  till  ii  is  of  the  reijuistte  thinness  for 
^\ 

^19*  Xiir. — This  is  a  sobftince  deposited  on  different 

I  of  trees  in  the  East  Indies,  by  an  insect  called 

^drtmms  iacc£tf  Gonsliluting  a  kind  of  comb  or  nidtis.     It  Hiieorf. 

faaa  been  itnporud  into  Europe,  and  exienstirely  used 

from  time  immemotial ;  but  it  is  only  of  late  yean 

that  concci  inlbrtnation  eonteming  tt  has  been  obtain- 

gd*     For  what  relates  to  tlie  natural  history  of  the  in* 

lect^  and  the  mode  of  fonning  the  lac,  we  an:  tndebtetf 

m  Mr  Ker^fp  Mr  Sautiderst*  atid  Dr  Roxbtirghf* 

Tbtmgh  very  often  employed  in  the  arts,  it  was  ocglect- 

ad  by  cHesiirstS.      Geoffroy  junior,  indeed,  published  a 

<itSiflwioo  00  if,  bm  it  eoniatns  few  chemical  ciperi- 

iDCikts.     He  merely  subjected  it  to  dtstillation,  and  ob- 

tftistd  products  which  he  thought  simiiar  to  those  given 

by  wax  in  the  same  circumstances  |I*     This  led  him  to 

omder  it  as  a  species  of  wax,  an  opinion  followed  by 


f  K^cholfcc**  /tmr.  rtm  67.  f  P^iS.  Tr^nt^  1781 ,  p*  %ji* 

X  Ibid.  i7S9»  p.  107.  I  Itiid  1 79 [  *  f>.  siS. 

I  Mm,  F^  t7Ui  p«  lai ;  and  Mirtine*!  ctimbttcm  of  the  M^-meira 
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B<N»klV.t  £|«Mi&na^(  but  Junker  fp  and  znost  o£  d 
(>il«il  cbetmcal  wdtersp  place  il  a»oog  the  rei 
Haicbctt  h»s  ktelj  examined  it  with  his  uiiul  mditmm^ 
and  asotrlAiflcd  lU  composition  aod  [iroperties  |.  To 
him  we  are  indebted  for  ahuost  every  ihiog  wbidi 
luiow  respecttPg  iu  chemical  nauire. 

There  ar«  vwrious  kinds  of  la«:  distinguished  in 
meree.  Stki  he  is  the  substance  in  its  natural 
encra&ting  small  twigs«  When  broken  off  and  b^ileii 
in  water  it  feses  its  red  colour^  and  is  called  sttd  ieteJk 
When  melted  and  reduced  to  the  state  of  thin  crnity  it 
is  called  sbiif  imc*  Stick  lac  is  of  a  det^  red  cofoor, 
and  yields  to  watei  a  substance  which  is  used  as  m  red 
dye.     The  other  two  varieties  are  brown. 

F^ofcnicfc  Water  dissolves  the  greatest  part  of  the  colouriiig 
naatker  of  lac,  which  varies  from  15  to  ipfr  ciHi.  Aim 
cohol  dissolves  the  greatest  part  of  the  rcstiv  whidi 
constitutes  the  chief  ingredient  in  the  composittoo  of 
lac*  Ether  acts  more  feeblj*  Sulphuric  acid  diaaolTcs 
and  gradually  chars  lac  ;  oitric  acid  dissolves^  and  tbeo 
produces  the  same  changes  on  it  as  on  other  resatious 
bodies*  Muriatic  and  acetic  acids  like  wise  act  as  soU 
venli^  ,  A  solution  of  borax  in  water  readily  diaaolvci 
lac.  The  best  proportions  are  20  grains  of  bormx^^ 
IQO  grains  of  lac,  and  four  ounces  of  water*  This  iO« 
luliont  mijBcd  with  lamp  black,  constitutes  Indian  ink  ; 
and  may  indeed  be  employed  for  many  of  the  purposes 
of  varnish.  The  fixed  alkalies  readily  dissolve  lac, 
but  not  the  volatile.     When  placed  on  a  hot  iron  it 


t  Aoil)ticAl  Ezpcrimeiiu  od  Li£«  BtiL  Iriaiv.i8Q4« 
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siBok«  with  an  odour  ratlict 
plemwit,  lifti^ing  a  spongy  coal.  When  ctistiUcd,  tl 
jiddv  water  ilighiljr  ackliiloiis^  and  a  thick  btUyracrous 
oil.  The  piaes  emitted  are  a  mixture  ot  carbonic  acid 
iod  carbaretcd  hydrogen*  Stick  lac  yields  also  acrnit 
csrbotsatc  of  afurnKwia ;  bat  the  other  two  varieties  none. 
The  foHowif^  Table  exhibits  the  constituentt  of  tlte 
isflrrcnt  varieties  of  lac,  according  to  the  analysis  of 
Mr  Uiacbett* 


M>1 


Stick  Uc 

SeeJ  L4C. 

ShcU  Lac 

Resin 

^8 

88-5 

90^9 

CoJoBTing  matter 

10 

2-5 

Q-5 

Wax 

6 

4-5 

4-0 

Gluten 

5-5 

2-0 

2'S 

Foreign  bodies 

6-5 

Loss 

40 

2-5 

18 

100 

too 

too 

The  resin  is  Ie«s  britlle  than  those  bodies  usually  aro^ 
The  colouring  matter  possesses  the  properties  of  extrae* 
tivt;  the  wax  is  analogous  to  myrtle  wax^  and  the  glu^ 
teado«?ly  resembles  the  gluten  of  wheat*. 

The  uses  to  whicb  he  is  applied  in  India  are  very 
numerous.  In  £urope  it  forms  the  basis  of  sealing 
WII4  which  is  made  by  melting  he  with  different  pro- 
portions of  mrpentine  and  some  colouring  matter,  as 
ivory  blacky  for  black  sealing  wax  ;  rermilioR  for  red, 
to^    It  coQBtitmes  also  the  basis  of  many  varnishes 


a  HiUkctt,  Phit.  Trmts,  1S04. 
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and  Uckers.     This  last  ntme  indctd  if  der tvjd  ijpft 
Ihe  word  /^r  ^^^H 

13.  n^mbfK, -^Thh  substance  is  iindoubt«ir]f^^^ 
getable  origin  ;  und  though  it  diners  from  re»tQS  i 
tome  of  its  proper tiei»  yet  it  agrees  with  them  io  t 
maiijr  others^  that  it  iiia)>  without  impropriety,  be  f\ 
fcrred  to  them*  For  the  chemical  investigation  of  t) 
properties  of  thit  suhstance,  we  are  chiefly  indebted  1 
the  labours  of  Hoffmsnn  t,  3ourdelint»  Stockar  i 
Neuforn  $,  Heyer  ||,  and  more  lately  it  has  occypif 
the  attention  of  Mr  Hatchctt.  The  best  account  < 
amber  varnish  which  I  have  seen  is  by  Nils  Ny&tro, 
in  the  Stockholm  Transactions  for  17D7  *^  fl 

Amber  is  a  brittle*  light,  hard  substatice,  unflf 
nearly  transparent ;  sometimes  nearly  colootless,  bi 
commonly  yellow  or  even  deep  brown*  It  haa  com 
derabic  lustre.  Its  specific  gravity  is  rOftS*  It 
tastelessi  and  without  smelly  excrpt  when  pounded  < 
heated^  when  it  emits  a  fragrant  odour«  When  beat! 
it  softens ;  but,  u  far  as  is  known,  cannot  b«  mdti 
without  losing  some  of  its  weight,  and  altering  itt  m 


•  A  deuilcd  accortitt  of  cHe  mctHo'l  "C  m^kuig  tevertl  of  th< 
glTfTt  bf  Br  L«Wii  tn  hi«  PBihiaphhmt  C»mmrrce  wfth  Afit^  p.  || 

;  Sitr  U  StntiH.  Mim,  P^r»  1  fit,  p,  ifU 

{  S^nimrn,  Ci^m*  M*4,  fnauj^i/^.  dt  Succin*  in  G$turf  et  Spiiimtim  ^  It 
#1119  F»rtitt  Whhii^enti^  1760.  TKit  tract  contuiii  A  very  c/«pu]U«  ict 
ttpertmenti {  whidi,  howrrcr.  dd  not  alwtTt  ig?ee  with  xhcm  tA  0A 
«^cAiiet.  Wnicriisr^iTfcKUeva  Ain(»€r  ii  chiefly  in  tbrklKia<iK 
StoclBMd*t« 
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pesrinci.    In  a  ttroog  heat  it  burns,  leaving  a  tfiiall     CMp.  L 

quaotitf  of  ashes,  the  nature  of  which  has  not  jet 

been  aaotrtauiied.     Water  has  no  action  on  it ;  bnt  aU 

oobol^  hf  long  digeition^  dissolves  about  one-eighth  of 

the  amber,  and  forms  a  coloured  solution,  which  when 

cooceotrmted  becomes  milky  when  mixed  with  water. 

Hie  ^redpiute  possesses  tlie  properties  of  a  resin.    The 

retidttaiB  of  the  amber  it  not  acted  on  by  aleohol* 

TNonf  b  amber  be  roasted  before  the  action  of  the  alco- 

,  tbe  tincture  is  still  formed*     Kence  we  learn  that 

retioocif  part  of  amber  is  not  espetled  by  a  melting 

When  amber  it  treated  with  a  boiling  fixed 

alkali,  it  is  almost  completely  dissolved,  according  to 

iMisiai},  and  the  compound  possesses  the  qualities  of 

mpi  Ibf  it  it  soluble  in  water  and  alcohol,  and  not 

ihjuwn  down  by  water.     Mr  Hatchett  found  that  the 

A^itillei  act  only  partially  on  amber,  extracting  a  yeU 

loir  tincture.     Probably  this  ingenious  chemist  did  not 

oM^lie  the  process  long  enough  ;  for  I  have  aectden- 

tiity  sflceVtainedp  th$kt  a  weak  solution  of  potash  is  ta* 

faUe  of  dissolving  amber  completely  without  the  as- 

liitiBce  of  beat,  provided  it  be  allowed  to  act  for  a  %n{* 

Melt  line.     I  bad  formed  a  weak  solution  of  potash 

(IWitire  snbcarbonate)  as  nearly  as  possible  of  tbe 

ifedfic  gtmvtty  of  amber,  and  I  had  put  into  it  some 

ataber  powder,  to  show  the  supposed  currents  of  Count 

Icaifoid  during  the  beat  of  tile  liquid.     On  exam?» 

abgthe  infusion  about  a  month  after,  I  found  the  am- 

Uf  ill  lying  at  tbe  bottom  of  the  phiat.     I  added  more 

lUtdi  to  restore  the  equilibrium.     Some  time  %fier  the 
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;td4  more  alkskU.  B7  this  tunc  the  toluilkii  bad  fio<itiirc;d 
a  yeUow  coIqut.  I  iherclcire  c «pl«foed  tht  siAkiof  at 
the  amber,  by  supposing  that  iht  pdafth  bad  diis^M^ 
Aporiicmof  itj  ami  that  this  bad  altered  **"  iptrriil 
gravity  of  tlie  Kkluijon*  Not  kncMwifig  at  the  tinic  tlial 
aaj  cxperimentf  bad  beco  made  on  the  Biab)cct»  I  po( 
aside  Uie  phdal  to  aaoectain  the  result*  This  was  thm 
y^ars  ago  ;  and  at  prttcnt  cnly  two  or  three  partkkl 
of  the  amber  at  most  can  be  detected^  tbo  r«Bt  it  dia^ 
solved  com  t^lttcly*  ^^^ 

Ofteidib  The  weaker  a cida  have  no  action  ofi  am bcr«     8H| 

pimrk  add  convert  it  inio  a  bla^kcesinous  masl.  HU 
trie  acid  acU  upon  it »  when  as&i^ted  by  heat,  mlroM 
gas  is  emitted^  The  smibej:  is  ^rvt  converted  tnta  « 
li^ht  rcaioous  subslancc^  and  at  bit  distotves  complete* 
j*^  Qejexj  who  firat  imdc  thii  e^perimeat,  cotiM  ob- 
taia  neitber  oxalic  aor  acetic  acid  by  tbe  aatiofi  of  nij 
trie  acid  on  amber.  That  nitric  acid  ia  really  capid»le 
of  dissolving  amber,  has  been  lately  verified  by  ilic  cxh 
perimenta  of  Hatchetfv  who  found  it  foluble  with  Un^ 
same  pUcnooieiia  as  resins  in  geoerdl.  .     | 

Ambcr^tf-       Neither  &x»d  nor  volatile  oiU  have  t  any  adiOQ  ml 
""^  amber  unless  it  haa  Mitu  previoualy  roaated  or  ejrpoaed; 

to  a  melting  heat.     When  thua  Are4«d|  it  eot&li 
with  Of  by  and  thf^  c-j.^hah  forms  #/9f&^r  vmntub* 
proccis  rccamnici  Njstrom  is  this ;  Aaiber  ] 

be  ipread  on  a  ftat  (iottomed  iron  pan^  and  placed 
an  equal  coal  iire  (ill  it  melt ;  it  is  then  to  be  rntl 
dia\vOy  Qovered  with  a  plate  of  copper  and  iroii»  mid  aU^ 
lowed  to  cool.  If  the  process  be  properly  conducted^ 
the  amber  win  Hive  lost  half  of  its  weight-  If  the  fira 
be  too  strong,  the  amber  will  be  scorched  and  rendered 


I 

wstSTl 


aUbSi*    Tf  ll  lie  too  l9W^  the  amber  wtU  not  melti  but 

kv  iwiuoid  to  a  brown  crust,  which  anvwers  well  €- 

^fmgfcibr  m  Tmmish,  provided  ii  be  cxpoicd  to  heat  till 

^^B^  fodaudi  to  0oe^alf  of  tihe  origiiral  ip^e^t«     Oae 

^^■rt  of  tbii  roasted  amber  is  to  be  mtseed  wkh  throe 

\    famof  linseea  oil  (rendered  drying  by  litharge  and 

«Aiite^iliiol)p  and  ihe  soiature  cxfioiod  16  a  gentle  bieal 

till  the  nmhtr  is  dissolved  t   it  is  thea  to  be  withdrawn 

i  the  &re^  and  when  ndbrly  cold  focur  parts  of  oil  of 

arc  to  be  added.     The  wbole  is  then -allowed 

to  aoitIe»  and  the  clear  portion  is  passed  thcoaigh  o  liocn 

doth. 


Clft^4. 


Wboft  aoiber  is  distilled^  there  coses  over  carbofo* 

kydiogen  and  carbonic  acid  gas,  an   acidulous  wa* 

ler/lbctt  an  otl^  at  first  thin  and  traiiaparent»  bttt  faeco- 

^^pillg  gcaiitallj  darker  and  thicker,     Towaiids  the  end 

Hv  Ae  pn^cets  ibe  suceiotc  acid  sobHmes.     Fi^oni  the 

j     rfjwiiiitiniiii  of  VageV  it  appears  that  a  portion  of  the 

jellow  matter  ^hich   is  obtaiqed   bj  this  distillatioo 

I     pofsessos  the  properties  of  wax  vei^  nearly  *• 

I  14.  Resirt  from  bitumen Mr  Uatehcit  ascertained,   ^^^  fi«ii 

1!  «     ^      ptfumfpi 

I      that  when  asphalt,  mineral  caoutchonc,  and  other  sum. 

Ur  bodies,  are  digested  a  sufficient  time  in  nitric  acid^ 

I       Aey  furnish  a  considerable  portion  of  a  brown  aub* 

LSlsace,  which  possesses  many  of  the  properties  of  *e« 
lbs.  Kilkenny  coal,  and  every  other  variety  of  coal 
^liicb  cootains  no  bitumen,  is  converted  by  nitric  acid 
^td  artificial  tannin,  but  yields  no  resin  ;  while  com- 
aoQ  coal  furnishes  both.  Thus  it  appears  that  bitu- 
men, when  treated  with  nitric  acid^  has  the  property  of 
yielding  a  species  of  resin. 


nu 


iKGiLEDnniTi  or  riuirfs. 


This  subtltnce  has  ft  pale  bfown  coloisr  like  thSt  of 
Spanish  stiufi'i  its  inttrnml  &acture  is  dark  brown^  and 
it  has  a  reainom  Ittitre.  When  lieaiied  it  does  not  rem- 
dilj  melt }  btit  when  iniUined  oniti  a  rettooits  odottr^ 
XDixed  with  that  of  fat  oils,  and  leaves  a  coal  nmidi 
more  bulky  than  the  original  substance.  Alcohol  dis* 
solves  it.  Water  throws  down  s  part  frofn  the  iclu- 
tkm  ;  hut  a  portion  remains  undisiolvedy  which  acts  on 
ftagents  like  ixtractiv^.  The  taste  is  bit^r.  Henoe 
this  iiibstance  appears  to  be  iotermediate  betweoi  ex- 
tractive and  rcrin,  \Vhen  digested  with  niuic  acid  it 
is  readily  converted  into  artificial  tannia  ;  and  whco  di^ 
gested  with  sulphuric  acid  it  is  converted  into  char- 
coal*, 

I  have  now  enumerated  the  most  remarkable  of  the 
resinous  bodies  with  which  we  ate  acquainted.  There 
are  indeed  many  of  the  substances  employed  in  medi* 
cine,  which  undoubtedly  contain  resins ;  for  rxamplt^ 
alois^  jalaps  make  roof,  ^mka^  Sec. ;  but  as  these  have 
not  yet  been  chemically  examined,  it  would  be  ia  viin 
to  dwell  upon  them* 
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SECT.  XXIV. 


OF     GUAIACUM. 


,  KStubslaLiicft  is  obtaioed  from  the  gumacum  officinahp  OHf^ 
9  tzee  urhkh  U  a  oativc  of  the  West  Indies^  and  yields  t 
Tcrj  hard  heavj  wood.  The  resin  exudes  spontaneous* 
IjTy  iivd  is  «lso  driven  oat  arttficiallj  by  beating  one  end 
•f  the  wood  in  billets  preriouslj  bored  longitudinally  i 
the  melted  resin  runs  out  at  the  extremity  farthest  £rom 
Ite  ife«  This  substance  has  been  used  in  medicine  for 
m  ooaaaderable  time,  hariag  been  originally  recom« 
modcd  in  renereal  diseasea.  Nothing  is  known  coa- 
ceming  its  original  introduction  into  Europe* 

k  was  considered  by  chemists  as  a  resins  till  Mr 
HiUiictt  observed^  that  when  treated  with  nitric  acid  ic 
fielded  products  very  different  from  those  of  resinous 
Mms**  This  induced  Mr  William  Brande  to  exa* 
rits  chemical  properties^in  detail  f.  To  his  Valu* 
llUlpaper  we  are  indebted  for  almost  all  the  accurate 
kbrmatioa  which  we  possess  respecting  its  chemical 

1.  Guaiacum  is  a  solid  substance,  resembling  a  resin  iHpertiet. 
Its  colour  differs  considerably,  being 
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Action  of 
water, 


AkbbdL 


partly  brownish,  P^^^7  f^^^^^f  ^d  partly  greenisli ; 
and  it  always  becomes  green  when  left  exposed  to  the 
light  in  the  open  air*.  It  has  a  certain  degree  of  trans^ 
parencjp  and  breaks  with  a  vitreous  fracture.  When 
pounded  it  emits  a  pleasant  balsamic  smell,  but  has 
scarcely  any  taste,  although  when  swallowed  it  excitei 
a  burning  sensation  in  the  throat.  When  heated  il 
melts,  and  diffuses  at  the  same  time  a  pretty  strong  &^ 
grant  odour.     Its  specific  gravity  is  1*2289 f*         ^H 

2.  When  guaiacum  is  digested  in  water  a  portion  ol 
it  Is  dissolved,  the  water  acquiring  a  greenish  brown 
colour  and  a  sweetish  taste.  The  liquid,  when  eva« 
poratedy  leaves  a  brown  substance,  which  possesses  tb4 
properties  of  extractive;  being  soluble  in  hot  waiel 
and  alcohol,  but  scarcely  in  sulphuric  ether,  and  farm* 
ing  precipitates  with  muriates  of  alumina,  tin,  and  ail< 
ver*  This  extractive  amounts  to  about  nine  parta  ti 
the  hundred  of  guaiacum  {. 

3.  Alcohol  dissolves  guaiacum  with  facility,  and 
forms  a  deep  brown  coloured  solution.  Water  reoden 
this  solution  milky  by  separating  the  resin*  Muriatic 
acid  throws  down  the  guaiacum  of  an  ash  grey,  and  itil< 
phuric  acid  of  a  pale  green  colour*  Acetic  acid  an( 
the  alkalies  occasion  no  precipitate.  Liquid  oxfma^ 
riatic  acid  throws  it  down  of  a  fine  pale  blue,  wbtet 
does  not  change  when  dried*  Diluted  nitric  acid  oq 
caaions  no  change  at  first  \  but  after  some  hours  the  U 
quid  becomes  green,  then  blue^  and  at  last  brown,  an< 
at  that  period  a  brown  coloured  precipitate  falls  down 
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It  water  be  mixed  wiih  the  liquid  when  it  has  assumed     Chap,  r. 
or  t  blue  colour,  green  and  blue  precipitates 
b^naj  be  respectivelj  obtatned  •. 

I.  Sulphuric  ether  does  not  act  st>  powerfully  on    Ether, 
^uifacum  a&  alcohol.     The  solution  obtained  bj  means 
«f  Up  cshibita  the  same  properties  when  treated  with 
:zti^tt  as  that  in  alcohol  f. 

4*  The  alkaline  solutions^  both  pure  and  in  the  state  AIkili«* 
o(  carbooatcf I  dissolve  goaiacum  with  facility.  Two 
oa&ees  of  a  saturated  solution  of  potash  dissolved  about 
05  grains  of  guatacum  ;  the  same  quantity  of  ammonia 
oaty  2Z  grains;  or  guaiacum  dissolves  in  about  15 
psrta  of  potash  and  38  parts  of  ammonia.  Nitric  acid 
tkrew  down  from  these  solutions  a  brown  precipitate^ 
similtr  to  what  is  obtained  when  the  alcoholic  solution 
ii  mixed  with  thfe  same  acid.  Muriatic  acid  and  di. 
luted  sulphuric  acid  throw  di>wn  a  flesh* coloured  curdy 
ipiiate,  which  In  its  properties  approaches  the  na^ 
ef  extractive  t. 
S.  Most  of  the  adds  act  upon  guaiacum  with  consi* 
bU  energy. 

Salphuric  acid  dissolves  tt|  and  forms  a  deep  red  li. 

adi  which  depo^ites  while  fresh  a  lilac-coloured  pre- 

ite  whcfi  mixed  with  water.     When  heat  ia  ap- 

the  guaiacum  is  cbarred. 

Nitric  acid  dissolves  guaiacum  completely  without 

the  assistance  of  heat,  and  with  a  strong  effervescence* 

When  the  solution  is  evaporated^  it  yields  a  very  larg^ 


acidt. 
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Mr  Brmside  found  to  amount  to  above  so  pdx  tern*  $  ,  ^^*  ^- 
while  iht  feaiaty  in  like  circumstances,  hardl/  ever 
^  Imvi  more  than  15  p€r  ant^  of  charcoal,  and  ofun  aol 
^nearlj  so  much.  It  is  possible,  however,  aod  indeed 
improbable,  that  thiB  difference  is  to  be  ascribed  to 
liiflcrcat  degrees  of  heat  emplojed* 
Hi*  second  peculiarity  is  the  action  of  nitric  add  on 
ifloum.  This  acid  does  not  dissolve  t&  rcaios 
iUKMit  the  assistaoce  of  heat,  but  converu  them  ioto 
hffovro  brittle  masa^  whereas  it  dissolves  guaiacum 
eompletelj.  The  action  of  this  acid  on  the  resins  ter. 
xninatci  in  the  formation  of  artificial  tannin,  whereas 
its  action  on  guaiacum  terminates  in  the  formation  of 
caxalic  acid.  This  striking  difference  is  alone  sufficient 
"^o  warmnt  a  separation  of  guaiacum  from  the  resins. 

The  third  pecultan tj  is  the  remarkable  suite  of 
^aanges  of  colour  which  guaiacum  undergoes  when  its 
solutions  are  treated  with  nitric  and  oxjmuriatic  acids, 
J)r  Wollaston  first  observed  that  guaiacum  becomes 
Tcen  when  exposed  to  light,  provided  air  have  ac- 
» to  it ;  and  that  the  colour  is  again  removed  by  the 
[mpplication  of  heat  *«  Hence  it  is  probable  that  oxy- 
,  foi  occa^ons  the  change.  This  opinion  is  much 
strmgthcned  by  the  experiments  of  Mr  Brande.  When 
pkiiacum  was  put  in  contact  with  oxygen  gas,  it  be- 
ciaie  green  sooner  than  in  the  open  air.  When  put  f «^ni  oi- 
into  Dxymuriatic  gas  it  became  first  green,  then  blue, 
mi  lastly  brown  ;  and  ammonia,  when  left  in  contact 
with  it,  restored  again  its  green  colour*  In  like  man- 
oeTi  by  treating  the  alcoholic  solution  of  guaiacum 
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.^^^y*  with  nitric  acid,  green,  blue,  and  brown  predpitatot 
obtained,  according  to  the  length  of  tione  that  the 
it  allowed  to  act  upon  it.  .  These  iactt  give  oonsi 
able  plaoftibilitj  to  the  opinion  of  Mr  Brande,  thai 
changes  of  colonr  are  owing  to  the  cc^hinations  of  < 
gen  wi(h  the  guaiacnm ;  that  the  green  contains 
leasts  and  the  brown  the  most  oxygen,  while  the 
b  intermediate  *.  Thus  guaiacums  in  its  chang 
colonr,  bears  some  resemblance  to  indigo.  Mr  Bri 
hiy  remarked  a  coincidence  alio  between  goaia 
aiid  the  green  resin  of  the  leaves  of  plants. 


SECT.  XXV. 


OF    BALSAMS. 


fTBB  term  ialsam  or  iiilm  was  originallj  confine 
^  thick  fragrant  juice  obtained  from  the  amfris  G 
JiMsis,  and  afterwards  applied  bj  chemists  to  all 
stances  which  possessed  the  same  degree  of  coe 
ence  and  a  strong  smell,  whether  natural  or  arti£ 
Bucquet  restricted  the  term  to  those  resinous^Iike 
stances  which  yield  benzoic  acid  when  heated, 
new  meaning  of  the  word,  which  has  been  adopte 
chemists  in  general,  has  introduced  into  the  ola.* 
fialsams  several  substances  which  were  formerly 
^dered  as  resins.    The  word  balsam  originally  im 
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Cha|KL* 


Definition. 


m  sti1»tiinee  possessing  a  certain  degree  of  fluidity  ;  bat 
now  there  sire  two  classes  of  balsams;  the  one  fluid, 
and  the  olher  solid  and  brittle. 

A  b:il«^3m«  iheo^  is  a  substance  which  possesses  the 
^^eieral  properties  of  a  resin  ;  but  which,  when  heated 
or  digested  in  acids,  yields  a  portion  of  benzoic  acid. 
Chemists,  in  general^  have  considered  them  as  combi- 
ii^t  COS  of  a  resin  with  benxoic  acid ;  but  Mr  Haichett 
his  made  it  probable^  that  the  acid  is  formed  at  the 
time  of  its  separation  •- 

Thej  arc  insoluble  in  water  ;  but  when  boiled  in  Propcrtiei. 
ibat  liquid  often  give  out  a  portion  of  btnaLoic  acid. 
Alcohol  and  ether  dissolve  them  readily.  The  strong 
actds  likewise  dissolve  them  ^  and  during  the  solution 
iportioo  of  benzoic  acid  is  separated*  Nitric  acid,  in 
some  cases,  evolves  likewise  traces  of  prussic  acid. 
The  alkalies  act  upon  them  nearly  as  on  (he  resins. 
They  may  be  divided  into  two  classes ;  namely,  liquid  I>ivitiaii. 
a&d  mUd  balsams. 

^^^H  I.  Liquid  Balsams. 

^^^9le  ligoid  balsams  at   present  known  are  five  in 

^H||faer;  namely, 

^^^^^     1.  Opobalsamum  4.  Peru 

^^^pr^     2«  Copaiva  5.  Sty  rax. 

^K  S.  Tola 

^^  1.  Opobalsamum  or  balm  ^f  Gihad^-^Thh  balsam  is  Opobalft- 
ohsined   from  the   amyrit  Gileadtnni,   a  tree  which 
IRmri  in  Arabia,  especially  near  Mecca.    It  is  so  much 
tiloed  by  (he  Turks  that  it  is  seldom  or  never  import* 


uiuiu. 
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cd  into  Europe*  We  are  of  courfc  ignoraat  of  its  com* 
pottdoDi  It  it  said  to  be  at  first  turbid  smd  white,  maA 
of  a  ttrotig  aromatic  smell,  tod  bitter,  acrid^  astriogtcit 
taste  $  but  by  keeping,  it  becomes  Hmpid  axKl  thtn,  and 
its  colour  changes  first  to  green,  then  to  jell^w,  aJid  at 
last  it  assumes  the  colour  of  honey,  and  the  consistencv 
of  turpentine  *• 

2.  Ce^aiva.— This  balsam  ts  obtained  from  the  cp* 
paifera  officinalis  ;  a  tree  which  grows  in  South  Amc* 
rica,  and  some  of  the  West  Indian  islands*  It  exudes 
from  incisions  made  in  the  trunk  of  the  tree*  The 
juice  thus  obtained  is  transparent,  of  a  yellowish  coloitr^ 
an  agreeable  smell,  a  pungent  taste,  at  first  of  the  coa*. 
sistence  of  oil,  but  it  gradually  becomes  as  thick  aa 
honey.  Its  specific  gravity  is  O'PSOf.  When  mixBd 
with  water  and  distilled,  there  comes  over  with  tkt 
water  a  very  large  portion  of  volatile  oil.  Lewis 
obtained  half  the  original  weight  of  this  oil  X*  ScImkw 
berg,  from  eight  ounces  of  copaiva,  obtained  Sf  ^ 
oil  by  this  process  {.  It  was  colourless,  very  Umpid| 
of  the  specific  gravity  0-goO  ;  had  the  taste  and  smell 
of  copaiva,  but  rather  stronger.  It  dissolved  in  eight 
parts  of  alcohol ;  but  the  copaiva  itself  is  a  good  deal 
more  soluble  ||.  The  oil  ceases  to  come  over  before  all 
the  water  has  passed  into  the  receiver.  The  residuum, 
of  course,  consists  of  two  substances  \  namely,  the  m%^ 
%txy  portion,  and  a  greyish  yellow  substance,  lying  at 
the  bottom  of  the  vessel,  which,  on  exposure  to  the  sir, 
dries,  and    becomes   brittle  and  transpareot*      When 


•  Thii  11  the  account  of  Profcfior  Alpifiui,  i>  gaoled  hj  LewMi 
Kcmunn's  Chrm.  p.  sa4. 

f  Schonbcrg,  Gehlen'i  J$uf,  vL  494 ,         |  Keomami**  Cktm,  p,  all. 
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beated  il  rortt?,  and  possesses  the  characters 

When  distilled  it  yielded  a  yellowish  thick  otl«  sone 

acidulous  vrater^  and  a  gas ;  one-sixth  of  which  wss 

carbooic  scad,  and  the  remainder  seemed  to  po&sess  the 

ebaractert  of  olefrant  gas  *,     From  ihcse  facts,  which 

!viTe  breo   long  known,  it  was  conciudedi  that  copatva 

is  a  compound  of  a  resm  and  a  volatile  oil»   whicfi 

pttsts  ixvtx  at  a  heat  inferior  to  that  of  hoiling  water  ;    Bue  ifde- 

tat  the  experiments  of  Schonbcrg   have   rendered  it 

naeh  more  probable^  that  the  balsam  is  decomposed 

mhtu  distilled  along  with  water,  and  that  both   the  oil 

lod  tesiti  are  new  producu. 

Wben  distilled  on  a  water  hath^  nothing  comas  over  Di«t]IIatioc 
kt  a  few  drops  of  water,  and  one  or  two  drops  of  oil  f  • 
If  iJkt  vessel  be  kept  at  a  temperature  between  2S4** 
and  25'?**,  scarcely  any  tliing  more  is  obtained  than 
when  the  distillation  is  condocted  over  a  water  bath. 
At  the  temperature  of  504^  the  balsam  begins  to  boil 
|tnilf ,  a  gas  is  extricated|  and  drops  begin  to  pass  more 
npidly  into  the  receiver.  At  550**  it  boils  briskly, 
mi  the  distillation  goes  on  rapidly.  There  passes  into 
tk  recetv^cr  a  limpid  yellowish  oil,  occasionally  mixed 
*ttb  %  drop  or  two  of  water.  As  the  dtstillaiion  pro» 
ccedi  the  oil  becomes  more  and  more  yellow.  At  this 
|Cfied  the  balsam  is  as  liquid  as  water,  and  boils  with. 
Silt  any  ftothing  or  swelling*  After  this  period  the 
oi'hiooaiies  yellow,  and  then  brownish  red  i  but  stiil 
c«Bilinaes  pretty  thin.  The  first  oil  obtained  by  Schon* 
img  from  four  ounces  of  copaiva,  bjr  this  process,  was 
Srf  ounces.    The  water  had  a  soar  taste,  and  redden. 


*  SduiBiberii  Qchkn'f  /«irr*  wl  p,  49 ;« 
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J^^^\  ti  litmui  paper.  The  gu  amouDted  to  61  on 
meaftoret ;  j>th  of  it  was  carbonic  add,  the  rest  rem 
bled  olefiant  gas  *• 

Acdoo  of         Nitric  acid  acts  upon  this  balsam  with  coostden 
'*^    energy.     When  one  part  of  the  balsam  is  mixed  « 
four  parts  of  nitric  acid  and  two  parts  of  water, 
heated,  a  yellowish  solution  is  formed,  similar  to 
original  balsam,  but.  darker.     When  distilled,  tl 
comes  over  with  the  liquid  that  passes  into  the 
ceiver  an  apple-green  oil,  which  lines  the  helm  of 
retort.    The  nature  of  the  residue  was  not  examin 
Oonbtless  it  would  have  been  found  to  contain  artift 
tannin,  provided  a  sufficient  quantity  of  acid  was  4 
ployedir 
r  to         When  treated  with  sulphuric  acidi  it  yields  a  port 
of  artificial  tannin  {• 

Whether  this  balsam  yields  benzoic  acid  has 
been  ascertained.  Its  properties  are  rather  against 
probability  of  its  doing  so.  Indeed  it  bears  a  strik 
resemblance  to  turpentine  in  many  respects ;  and  on] 
along  with  it,  to  constitute  a  class  of  bodies  interi 
diate  between  volatile  oils  and  resins,  to  which-. 
Daaie  of  iurpfniitui  might  be  given. 

S.  Balsam  of  TaUs. — This  substance  is  obtained  fi 
the  ioUd/irq  balsamum,  a  tree  which  grows  in  So 
America.  The  balsam  flows  from  incisions  made 
the  bark.  It  comes  to  Europe  in  small  gourd  sbc 
It  is  of  a  reddish  brown  colour  and  considerable  c 


•  Schouberg,  Gehlco*t  Jour.  vL  495.  f  Id.  Ibid  p.  499. 
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^licn  exposed  to  ihe  »r^  it  oecoines  solid     Ch»^  I. 
briule*      Its  smell  is  fragrant,  and  continues  so 
tfco  after  the  balsam  hai  become  thick  by  tge.  When 
distilled  with  water,  it  yields  very  little  volatile  oil, 
bat  tmpTegnates  the  water  strongly  v/hh  its  taste  and 
mitiU      A  quantity  of  benzoic  acid  sublimes^  if  the 
ItillaUott  be  continued  ** 
If  Hatchett  found  it  soluble  in  the  alkalies^  like  Action  of 
I  rest  of  the  balsams.     When  he  dissolved  it  in  the 
imsUest   possible  quantity  of  lixivium  of  potasbp  it 
aplrtely  loses  its  own  odour,  and  assumes  a  most 
;  smell,  somewhat  resembling  that  of  the  clove 
irL    **  This  smell,"  Mr  Hatchett  observes,  "  is  not 
Iu|itivr9  for  it  is  still  retained  by  a  solution  which  was 
pTfpared  in  June,  and  has  remained  in  an  open  glass 
4iinng  four  months  *" 
When  digested  in  sulphuric  acid,  a  considerable  quan*  And  i 
r  of  pure  ben  rote  acid  sublimes.    When  the  sol  ^i  on 
tit  in  this  acid  is  evaporated  to  dryness,  and  the  resi* 
\  treated  with  alcohol,  a  portion  of  artificial  tannin  is 
;  the  residual  charcoal  amounts  to  0'54  of  the 
igaal  balsam  f « 

\  Mr  Hatchett  found  that  it  dissolved  in  nitric  acid 
nearly  the  same  phenomena  as  the  resins  ;  but  it 
!  the  odour  of  bitter  almonds,  which  leads  him 
'IssDspect  the  formation  of  prussic  acid*     During  the 
ta  nitric  acid,  a  portion  of  benzoic  acid   su* 
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Utmet,     By  related  dtgestiont  it  is  convtrted  into  ir* 
tifictal  tannin  ^. 

4,  JJoAum  o/*/'<nr«— .This  substance  ts  obtained  &ntt 
the  myrnxyhft  ffrmfirum,  which  grows  in  the  Wi|ta 
part*  of  South  Amcricm,  The  tree  is  full  of  resin*  mKM 
the  baltam  it  obtained  by  boiling  the  twigs  in  water« 
It  has  the  consistency  of  hooey,  a  brown  colour^  an  ^ 
greeable  smell,  and  a  hot  acrid  taste.  When  boUed 
with  water  for  tome  time,  the  liquid  separated  by  the 
ilter  reddens  vegetable  blues^  and  depositei  cryitals  at 
btnioic  acid  on  cooling.  The  water  contains  noolber 
fubstancef.  When  distilled  with  watery  it  5r&dda  a 
ircry  small  quantity  of  reddish  limpid  olL  Hoflaaafl 
obtained  only  one  pari  of  otl  from  10  of  baiamnl. 
Lichtenberg  mixed  two  ounces  of  balsam  with  etgfal  of 
water,  and  distilled.  The  first  two  ounces  of  valv 
came  over  colourlesi,  and  bad  only  a  slight  odour  of 
the  balsam.  The  next  three  were  milkyi  smelt  8lroii|ljr 
of  the  balsam,  and  at  the  bottom  of  the  recetrsr  win 
some  drops  of  colourless  oil.  The  next  1^  ounces  were 
similari  bat  contained  more  oil.  Between  50  and  SO 
grains  of  benzoic  acid  had  sublimed  into  the  neck  of 
the  retort*  By  increasing  the  heat  3^  drachma  of  yd'- 
low  oil  came  over,  and  a  quantity  of  benroic  acid*  A 
Mack  shining  coal  remained  in  the  retort  }• 

When  this  balsam  is  exposed  to  the  beat  of  a 
bath,  only  a  drop  or  two  of  water  and  a  few  drops 
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incd  *.  When  pli^ced  in  &  sand  btth^ 
I  a  tmuperature  gruclusdly  raised,  notbtng 
i  over  tin  ilie  baUam  u  heated  to  300^»  when 
j  %l  bciixoic  tcid  sublimes  ;  and  it  %24^,  drops 
tikd  oil  began  to  come  over.  At  550^  the 
toboil^  aod  tame  gas  is  disengaged.  At 
the  ml  (tnixed  with  a  little  water)  comes  over 
tfiuiL  At  617*^  it  comes  oirer  still  more  rapidlj* 
titeiibeig,  to  whom  we  owe  these  experimetits*  kept 
r  oaooes  of  baUam  at  that  temperature  for  two 
trs»  aod  obtained  two  ounces  of  a  jellowish  oil,  andf 
!rjtlalliz.ed  mass  of  benzoic  acid^  which,  together 
li  the  water,  weighed  6^^  drachms.  The  gas  obtained 
to  Si  ounce  measures ,  of  ^eae^  sa  were 
\  acid.  The  rest  burnt  like  okfiant  gas.  Bj 
ag  the  heat  a  brownish  oil  came  over,  and  at  lasl 
Oil  of  the  consistence  of  pitch,  and  4d  ounce 
of  gas  were  extricated.  Of  these,  six  were 
add ;  the  residue  burnt  with  a  bluish  white 

i  sohition  of  carbonate  of  soda  forms  with  ' 
s  balsam  a  thick  mass.  When  diluted  with  water 
I  heated,  a  pprtion  is  dissolved*  The  solution,  when 
Mteii  with  sulphuric  acid,  depositee  crjrstals  of  ben* 
ic  sod.  One  part  of  the  balsam,  treated  with  one 
it  of  potash  dissolved  in  four  parts  of  water,  form- 
1m  opaque  soltttion,  which  gradually  separated  into 
iro  portions  :  the  uppermost,  a  clear  oil  with  some 
;rry  fttkes  at  its  tower  surface  ;  the  undermost,  a  dark 
ktowmsb  red  opaque  solution.      This  last  solution, 


$ 
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BaBtIv>  when  lataratcd  with  tnlphoric  add,  lets  fidi  b  retiii 
like  sabttaoce,  dissolved  hj  boiling,  whale  benxoic 
aystallixed  *• 

Nitric  acid  acts  apon  the  balsam  with  eoergj, 
gtres  It  an  orange  jeilow  colour  when  assisted  bj  1 
When  distilled  with  a  snfficient  quantity  of  tins 
daloted,  the  liquid  in  the  receiver  smells  of  btttei 
moods.  When  snpersatnrated  with  tarbooate  of  pol 
and  mixed  with  a  solution  of  iron,  a  precipitate  i 
which,  when  treated  with  muriatic  add,  leavea  pnu 
bhsi^.and  indicates  the  presence  of  prossic  add. 
ring  die  distillation  benzoic  add  sublimes.  The  : 
dae  in  the  retort  has  a  crjstallioe  appearance»  ia  ] 
jellow,  dissolves  sparingly  in  boiling  water,  and  p 
pitates.  on  cooling  in  the  sute  of  a  yellow  powdi 
Such  was  the  aesult  of  Lichtenberg's  trials*  Mr  ] 
chett  observed  that  the  residue  possessed  the  prope 
of  artifidal  tanmi^ 

When  this^haliam  is  treated  with  sulphuric  add, 
tifidal  tannin  is  also  formed,  and  the  residual  char 
*  amounts  to'nd  Icte'than  0*64  of  the  original  weigt 

thebalsaa^t-' 
iijni^  5.  SfyriaKl*^Thi%  is  a  semifluid  juice,  said  to  be 

tained.  from  the  Hfuidamhar  Hyrac^ua^  a  tcee  wl 
grows  in  Virginia,  Mexico,  and  some  other  pam 
America  f  •  It  is  prepared,  according  to  Mr  Peti 
in  the  island  Cobross  in  the  Red  Sea,  from  the  \ 
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a  tiTc  ciUcd  rom  mallos  by  the  natives,  aitd  consi- 
dered bj  botanists  as  ihc  same  whh  the  American 
species*  The  btrk  of  this  tree  is  boiled  in  salt  water 
to  the  consistence  of  bird. lime,  and  then  pat  into  casks^, 
BootUon  W  Grange  has  published  an  account  of  its 
{tfopeitiesf.  Its  colour  is  greenishi  and  its  taste  aro- 
tc»  and  Its  smell  agreeable.     It  is  easily  volatilized 

'  he«.  When  treated  with  water,  benzoic  acid  is 
liisioWed*  It  is  totally  soluble  in  alcohol  except  the 
SflBfrufitics*  When  exposed  to  the  air  it  becomes  hard- 
ly and  absorbs  oxygen.     When  distilled*  it  yields  an 

Eidtilous  water,  hating  the  odour  of  benzoid  acid,  a 

apid  colourless  hot  oil,  a  solid  coloured  oil^"  ben  zoic 
scid,  and  a  mixture  of  carbonic  acid  and  tarboreted 

jdrog€ii«      The  charcoal  is  light  and  contains  sotne 

II.     Solid  Balsams. 

The  solid  bahimis  at  present  known  arc  only  three 
in  iiiimbcr ;  namely, 

1.  Benzoin 

2.  Storax 

3.  Dragon's  blood 
1.  Btn%mn> — This  inbsiance  is  the  produce  of  the 

itjrax  bHtzoe^  a  tree  which  grows  in  Sumatra,  &c. 
ind  which  has  been  described  by  Dr  Dryander  J.  Ben-» 
lotn  is  obtained  from  this  tree  by  incistott ;  a  tree  yield. 
iDg  tbfce  or  four  pounds.  It  is  a  solid  brittle  subscance^ 
loaietimes  in  the  form  of  yellowish  white  tears  joined 
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together  by  a  brovrn  substajicei  and  tooietimet  in  tbt 
fonn  of  ft  brown  tabstance  not  nnlike  cotoinofi  roiii. 
It  has  a  verj  a^ecablc  fimeU,  which  ta  bcrcaaed  by 
heating  the  benzoin.     It  has  little  taste.      Its  iperii 
fraTity  i$  1*092*      This  subttance  has  hem  used 
medicine  for  a^ev   ^nd  yarioua  prooeaies  have  bec^ 
pointed  out  bj  chemists   for  extracting  benaotc 


from  it ;  but  the  only  person  who  has  examined  hspn^ 
perties  in  detail  is  Mr  William  Braisde^.  ^ 

Cold  water   has  very  little  eflfect  on  benzoin^  b^:^ 
boiling  water  tnlces  op  a  portion  of  benxoic  acid. 

Alcohol  dissolves  it  when  assisted  by  a  gentle  he 
and  forms  a  deep  yellow  solutiofi  inclining  to  rcddxj 
brown*     When  this  solution  is  diluted  with  water^ 
bensoin  precipitates  in  the  form  of  a  white  powder. 
is  precipitated  also  by  muriatic  and  acetic  acids,  but 
by  the  alkalies.     A  few  drops  of  sulphuric  acid  li 
wise  precipitate  the  benzoin  ;  but  an  additional  quanttf^^ 
redissolves  it,  and  forms  a  liquid  of  tlie  colour  of  pos 
wine.     When  equal  quantities  of  the  alcoholic  solutio 
of  benzoin  and  sulphuric  add  are  mixed,  a  dark  piot* 
precipitate  falls.      The  liquid  assumes  a  pink  colour 
which  becomes  Hlac  when  diluted  with  water*     Kit 
acid  occasions  a  s&ong  efFerrescence^  and  forms  a  dark 
red  fluid  with  the  alcoholic  solution^  but  throws  dowj 
ao  precipitate  f. 

£ther  dissolves  benxoin  with  facility,  and  the  soh 
with  reagents  exhibits  the  same  phenomena  aa  tibej 
coholic  ). 

Nitric  acid  acts  with  violence  on  benxoin,  and  i 
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bf  hitm.  tbe  add  diisolvet  the  benzoiD  >  aad  a^  the  so^ 
hikMi  coolip  cr/stds  of  bentoic  acid  graduallj  sepi< 
file.  Mr  Hatohett  ascertained  that  by  lhi$  process  i 
tpmntity  ot  artificial  tanain  is  formed. 

Sulphuric  acid  dissoWes  betiLoin^  while  beorotc  acii 
(m  Hatchet  ^scoTcred)  sablimes ;  the  solution  is 
Ant  a  deep  red,     Bj  coatiouing  the  digestioo^  a  porti 
of  artificial  tamuii  is  formed^  and  the  charcoal  evol' 
^■looati  to  0*48  of  the  becisoin  dissolved  *. 

Acetic  add  dissolves  bcntoin  without  the  assistaoofl 
of  beat.    Whea  heat  is  applied,  the  solution,  as  itcooUy 
lurbid  i  owing  to  the  separatioo  of  bcutoiifl 
If. 

littfioia  ti  dissolved  by  a  boiling  lixivium  of  th4 
ii  alkalies  ^  a  dark  brown  solutiou  is  formed^  whict 
lurbid  after  some  days  esposttre  to  the  wmi 
^AffiOMKLta  likewise  dissolves  beo£oiu  sparingly  |* 

Wbeo  Mr  Broiide  exposed  100  graitis  of  beuzoin  ill 
« fftof I  to  a  heat  gradually  raised  to  rednesa,  the  prt>4 
docts  fi^erei 

Boixoic  odd  ••••••■••»•••%•«•••«•«••* Mt***     0*0 

Addttloni  water.!.....,*. •.«,«.,.•     5'$ 

Bolyrooeous  and  esipyteiiaatic  oil.»«...  §0*8 

Chorooal  «.•«...,..*••.•* • 28*0 

Caibureted  hydr ogea  and  carbouie  acid     3*5 


100*0 
v.«^Thh  is  tlie  most  frigrant  of  all  the  bak 
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Bo<ik  IV. 


Drajron'i 
blood. 


Propertiei. 


sams,  and  is  obtained  from  the  styrax  officinalis^  %  tree 
which  grows  in  the  Levant,  and  it  is  said  also  io  Italy. 
Soaietimcs  it  is  in  the  state  of  red  tears  ;  and  this  is  said 
to  be  the  state  in  which  it  is  obtained  from  the  tree. 
But  common  storax  is  in  large  cakes  ;  brittle,  but  soft 
to  the  touchy  and  of  a  reddish  brown  colour.  This  is 
more  fragrant  than  the  other  sort,  though  it  contains  a 
considerable  mixture  of  saw-dust.  It  dissolves  in  al- 
cohol. When  distilled  with  alcohol  or  with  water, 
scarcely  any  oil  is  obtained.  When  distilled  by  the 
naked  fire,  it  seems,  from  the  experiments  of  Neumann, 
to  yield  the  same  produces  as  benzoin*. 

3.  Dragon*s  hlooJ. — This  is  a  brittle  substance  of  a 
dark  red  coi>un',  which  comes  from  the  East  Indies. 
There  arc  two  sorts  of  it ;  one  in  small  oval  drops  or 
tears  of  a  fmc  deep  red,  which  becomes  crimson  when 
.the  tears  are  reduced  to  powder  \  the  other  is  in  larger 
masses,  some  of  which  are  pale  red,  and  others  dark.  It 
is  probably  obtained  from  diflerent  kinds  of  trees  ;  the 
calamus  draco  is  said  to  furnish  most  of  what  comes  from^^ 
India.  The  draccena  draco  and  the  pUrocarpus  drac^^ 
are  also  said  to  furnish  it. 

Dragon^s  blood  is  brittle  and  tasteless,  and  has  n^ 
sensible  smell.  Water  does  not  act  upon  it,  but 
hoi  dissolves  the  greatest  part,  leaving  a  whitish 
substance,  partially  acted  upon  by  water.  The  sqIl — ^ 
tion  has  a  fine  deep  red  colour,  which  stains  marbE  ^ 
and  the  stain  penetrates  the  deeper  the  hotter  the  marl^  J 
is.  It  dissolves  also  in  oils,  and  gives  them  a  deep  r^si 
colour  also.     When  heated  it  melts,  catches  flame,  axai 


*  Nettinaiin*!  CA*m.  p.  290. 


f  Lewii,  Ibid.  p.  S99. 
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Iit5  an  acid  fume  similar  to  that  of  benzoic  acid  *. 

Then  digested  with  lime*  a  portion  of  it  becomes  so* 

|ble  m  wateri  and  it  acquires  a  balsamic  odour«     On 

Hfidlag  mufiatic  acid  to  the  solution^  a  red  reitinous  sub* 

:icc  is  precipitated,  and  slight  traces  of  benzoic  acid 

if  become  perceptible  t-     Nitric  acid  acts  upon  it 

with  energy,  changes  it  to  a  deep  jellow^  a  portion  of 

bcQ^xkic   add  is  sublimed,  aad  a  brown   mass  remains 

aolnble  in  water,  and  possessing  the  properties  of  arti- 

fidal  tannin  t-     When  treated  with  sulphuric  acid  do 

perceptible  portion  of  benzoic  acid  sublimes  ;  but  it  is 

tDHvcrted  partly  into  artificial  tannin,  while  a  quantity 

of  charcoal  is  evolved,  amounting  to  0*48  of  the  origi* 

aal  dmgon's  blood  employed  j* 


^ ^— / 
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LkouT  the  begmning  of  the  18th  century,  a  substance  Hiitorr- 
tiUed  cmuichmc  was  brought  as  a  curiosity  from  A* 
merics.      It  was  soft,  wonderfully  elastic,  and  very 
combusuble.     The  pieces  of  it  that  came  to  Europe 


•    I.CA    <       N.MlTTIillll'-,    f'.'-    -      p»     199. 

I  U.  Lu.a;.      -  ;;:  .   j    .  of  Eiptfimcmi  on  Artificial  Tafiaiti,  HiU 
^'*^,  tlo6.  t  Hitchctttlbid. 

I  Hatchcttt  I^Ird  Seilcj  of  Expcrrmrntf  on  Artificial  Taa&ln^  Phii^ 
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were  usually  to  the  shupe  of  beCU^Sy  bird%  &c. 
substance  U  verjr  much  used  in  rubbiag  oi»t  ihe 
made  upon  paper  bj  a  black  lead  pencil ;  aad  the 
in  thif  country  it  is  often  called  InJian  nMit* 
tiling  was  known  of  its  pf  oduGtiafiy  except  4bat  iC 
obtained  from  a  tree^  till  the  French  academieiana ' 
to  South  America  to  1135  to  meature  a  degree  of 
meridian.  Mr  de  U  C(mdatninc  sent  an  neooooi  i 
to  the  French  Academy  ki  the  jrear  1T9<* 
tbem,  that  there  grew  ia  Uic  province  of  £sme 
BrflKtl^  a  tree,  called  by  the  ciativea  Hheve  ; 
thi^  tree  there  flowed  a  milky  juicr^  ^vhidi^  t/vheia  i 
tptasale^  waa  uiwHhmc.  Don  Pedro  Maldonackv  w 
accompanied  the  French  aoadtmieiati«^  found  the  afl 
tree  on  the  banks  of  the  Maragnon  ;  but  he  died  M 
after,  and  his  papers  were  never  published.  Mr  Fee 
nau»  after  a  very  laborious  search^  discovered  the  |fl 
tree  in  Cayenne.  His  account  of  it  was  read  to^ 
French  Academy  in  1751. 

It  is  now  known  that  there  are  at  least  two  trees 
South  America  from  whidi  caoutchouc  may  be  ol 
ed  ;  the  htevea  caoutchouc,  and  the  jatrtfpba  tlm 
and  it  is  exceedingly  probable  that  it  is  extracted  j 
foom  other   species  of  httvea  and  Jatrofba* 
trees  likewke  which  grow  in  ilie  East  Indiea 
caoutdiouc  }  the  principal  of  these  vre^  tlie^/Kr»f 
f^,  the  art^arpm   intep^/cluf,  and  the  urceo/a 
iica  i  a  plant  discovered  by  Mr  Howison,  and  first  d 
scribed  and  named  by  Dr  Roxburgh  *• 

When  any  of  these  planto  ia  ptinctttfed,  thern  i 


•  Aiiatk  Rtntrtitit  r,  167.    Loodw  edilleie 
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^tmm  it  m  milkj  juice,  which,  wbe«  exposed  to  tfae  air, 
2^i^7  l^ts  fail  m  coQcreie  uftbitaQce,  whicb  is  caoaU 
cfaooc« 

If  aaeymarUtic  aeid  be  poured  uNe  th«  ailky  juice, 
ifae  oioutcfaaiic  precipitates  imncdiatclfy  isd  it  the 
isme  time  the  arid  loces  its  peculiar  odour.  This  reii* 
4cr«  it  probable  that  the  fonsatioa  of  the  caoutchoitc 
k  owmg  10  ill  basis  absorbing  oxygea  *•  If  the  milk^ 
jsaea  be  ooiifiiied  ia  a  glass  ves&ei  contaimng  commoa 
air,  il  gradually  absorbs  oxygen,  and  a  peUicle  of  caout- 
ikoiie  apptmrs  on  its  surface  f . 

CMttidioac  was  no  sooner  known  than  it  drew  the 

aHanriiHl  of  philaaopbers*     Its  singular  properties  pro- 

attsed  thai  it  woold  be  exceedingly  nseful  in  the  arts, 

irovided  aay  method  couU  be  fallen  upon  to  mould  it 

iato  the  various  ins^omenis  for  which  it  seemed  pccii* 

liarlj  adapted*     Messrs  de  la  Condamine  and  Fresnau 

liad  menUoned  some  of  its  properties  f  but  Macquer 

Ursa  Am  irsi  person  who  undertook  to  examine  it  with 

BIKHliiWli     His  experiments  were  published  in  the  Me« 

W^^m  of  the  French  Academy  for  the  year  17(^B*    They 

^lirew  a  good  deal  of  light  on  the  subject  j  but  Mac^ 

«}iscr  fell  into  some  mistakes,  which  were  pointed  out 

tgj  Mr  Bemiard,  who  published  an  admirable  paper  on 

in  the  ITih  volume  of  the  Jmtmal  Jk  Ply* 

To  this  paper  we  are  indebted  for  the  greater 

'  of  facts  at  present  known  respecting  caoutchouc* 

Vr  Gronart  and  Mr  Fourcroy  having  likewise  added 

considerably  to  our  knowledge  of  this  singular  sub* 
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stance  ;  both  of  their  treatises  have  been  published  in 
the  llth  volume  of  the  Annales  de  Cbimie. 
»•  Caoutchouc,  when  pure,  is  of  a  white  colour  *j  and 
without  either  taste  or  smell.  The  blackish  colour  of 
the  caoutchouc  of  commerce  is  owing  to  the  method 
employed  in  drying  it  after  it  has  been  spread  upon 
moulds.  The  usual  way  is  to  spread  a  thin  coat  of  the 
milky  juice  upon  the  mould,  and  then  to  dry  it  by  ex- 
posing it  to  smoke  ;  afterwards  another  coat  is  spread 
on,  which  is  dried  in  the  same  way.  Thus  the  caout- 
chouc of  commerce  consists  of  numerous  layers  of  pure 
caoutchouc  alternating  with  as  many  layers  of  soot. 

Caoutchouc  is  soft  and  pliable  like  leather.  It  is  cx« 
ceedingly  elastic  and  adhesive ;  so  that  it  may  be  for- 
cibly stretched  out  much  beyond  its  usual  length,  and 
instantly  recover  its  former  bulk  when  the  force  is  with- 
drawn. It  cannot  be  broken  without  very  considerable 
force.  Its  specific  gravity  is  0"l}335t* 
icity  To  that  acute  philosopher  Mr  Gough  of  Manchester,  V^ 

K  to  •  • 

t  heat.  I  am  indebted  for  some  very  important  experiments  on 

the  connexion  between  the  temperature  of  caoutchouc  ^^ 

and  its  elasticity.  They  have  been  since  published  in 
the  second  volume  of  the  Manchester  Memoirs,  second 
series.  It  is  necessary  to  premise,  that  Mr  Gough  has 
beeri  blind  from  an  infant,  and  that  therefore  his  sense 
of  touch  is  peculiarly  delicate  ;  so  much  so,  that  he  is 
an  excellent  botanist,  and  can  distinguish  plants  with  the 
•  utmost  certainty  by  the  feel :  a  power  so  extraordinary. 


*  I  have  some  pieces  of  it  from  the  Ka&t  Iiulics  which  had  been  allow- 
ed to  inspiuatc  in  the  cpcn  air.  They  arc  white,  with  a  Alight  caat  of 
yellow,  and  have  very  moch  the  appearance  and  feel  of  white  soap. 

f  Brisson. 
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at  wc  who  enjoy  ilie  Advantage  of  sight  can  scarcely 
conceive  bow  it  cun  be  arrt  liietl.  Mr  Cough's  txpc^ 
rinoetils  are  «s  follow 

7ftke  a  thong  of  this  substance  two  or  three  tnchet 
loogt  tiid  a  few  lines  in  breadth  and  thickness  ;  put  it 
in  vntrm  water  till  it  becomes  quite  pliant:  then^  hold, 
iog  it  merely  extended  between  the  two  hands,  bring 

^thc  edge  of  it  in  contact  with  the  lips,  and  observe  the 
lemperature  (of  the  variations  of  which   that  part  of 
ik  face  is  a  very  nice  judge)  ;  then  remove  the  thong 
b  ■  few  lines  from  the  lips,  and  stretch  it  forcibly,  and 
hiiog  it  again  in  contact  with  the  Hps^  and  a  very  sen* 
f&lt  increase  of  temperature  will  be  perceived,     Al- 
l6Vt  it  to  relax  to  its  former  state,  and  the  temperature 
•rill  be  perceived  immediately  to  sink.     If  we  stretch 
Ibe  thong  again,  and  then   plunge   it  immediately  into 
coJd  water,  keeping  it  extended  for  a  minute  or  mare 
in  the  liquid,  on  letting  go  one  end  it  will  be  found  to 
bare  lost  much  of  its  contr^ictile  power  ;  for  it  will  not 
retam  to  its  former  dimensions.     But  if  we  plunge  it 
into  warm  water,  or  warm  it  by  holding  it  for  some 
time  io  the  shut  hand,  it  will  begin  to  contract  again^ 
juid  soon  return  to  its  former  %ure  and  sire.     These 
cxperimcnis  arc  of  great  importance,  as  they  furnish  a 
very   palpable   and  convincing  proof  that  ductility  is 
owing  to  latent  heat  as  well  as  fluidity*     They  afford  a 
fine  iUusiration  of  Dr  Black's  theory  of  latent  heat.  We 
sec  clearly  that  the  elasticity  of  caoutchouc  and  the 
diiciiliiy  of  metals  are  different  cases  of  one  and  the 
same  thing. 

Caoutchouc  ts  not  altered  by  exposure  to  the  air  |  it 
is  periectly  insoluble  in  water:  but  if  boiled  for  some 
tiiiie  ils  edges  become  somewhat  transparent,  owing  un« 


CHp,  1. 


l$$ 


Booknr. 


Ulion  of 


Sther. 


tNGREDIElTTft  OF  WLAHtt* 

d«itbudljr  to  the  witer  curryiag  off  the  wot ;  tod  to  ^ 
•oft,  ihit  when  two  of  ihem  mro  p««tMd  ftod  kept 
thcr  for  some  itme,  they  adher«  as  f  IomI/  as  if 
formed  one  piece.  B7  thii  contrivance  pieoet  of  oooot^ 
chooc  mwy  be  soldered  together,  and  tlimt  no 
tume  whatcirer  shape  we  pkase  *• 

CaoutchoHC  is  insoluble  in  alcohol.     Thtt  'pri 
was  discotrered  very  early,  aiid  hilly  conftrmed 
experimeots  of  Mr  M acqutr.     The  ilcoho),  he^ 
renders  it  coloturless* 

Caoutchouc  is  soluble  in  ether.     This  property 
first  pointed  out  by  Macqucr,     Beniiard,  on  the  ceo. 
trary,  found  that  caoutchouc  was  scarcely  soloMe  at  lU 
in  sulphuric  elher,  which  was  the  ether  na^d  by  Mae. 
quer,  and  that  even  nitric  ether  was  but  an  imperfect 
solvent*     The  diflfcrenee  in  the  results  of  these  iwe 
chemists  was  very  singular ;  both  were  remarkaUe  fsf 
their  accuracy,  and  both  were  too  well  acquaiiHtd  witk 
the  subject  to  be  easily  misled*     The  matter  was  Ini 
cleared  up  by  Mr  Cavalto*     He  found  that  ether,  when 
newly  prepared,  seldom  or  never  disaolyed  caoutchooq 
completely  |  but  if  the  precaution  was  taken  to  ^iMB 
the  ether  previously  in  water,  it  afterwards  dmoM^ 
caoutchouc  with  facility*     Mr  Grossart  tried  this  ex* 
periment,  and  found  it  accurate  f.     It  is  evident  froai 
this  that  these  chemists  had  employed  ether  in  different 
states*     The  washing  of  ether  has  two  effects.     It  de« 
privcs  it  of  a  little  alcohol  with  which  it  is  often  imprer. 


e  Grotiart,  Atim  A  C6m.  il  i jj«    £ce  &  method  ef  euUng 
cjiouc  tubf  1  by  meant  of  this  property,  f*i>iL  M^.  Mx\*  ^40. 
t  ^rofurti  Attn*  /«  CMm,  \U  14  ^ 
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.lid|  sad  it  ftdds  to  it  nbout  ooe-tcmh  of  water,  which      Cka^  L 
fombiiKd  with  tt.     Alcohol  precifiotfites  the 
caoisfiollcmc  from  tfiis  tolialiao. 

WlMn  tbe  etbcr  is  evaporated,  the  caoutchouc  ts  ob*« 
faiJiri  lUMilccred.  Caoatchouc,  therefore^  dissolved  in 
etbcr,  m%y  be  employed  to  make  iostrumefits  of  diffe* 
r^nl  ktodSy  jiul  as  tbe  milk/  juice  of  the  t^fvea  ;  bul 
^1m  mcUiod  woold  be  a  great  deal  too  espcnsive  for 

iebooc  is  soluble  m  volatile  oib  ^  ^   but,  in  ge«   Otky 
when  these  oils  are  evaporated,  it  remaias  some- 
\m\  ghitinoas,  mod  therefore  i$  scarcely  proper  tor 
those  uiet  lo  which,  before  its  solution,  it  was  so  admi- 
fikjj  adapted* 

It  is  laid  by  Bcmiard  to  be  inaoloble  in  alkalies ;  but  AIMIt^ 
I  fixid  upon  liiat  that  this  is  a  mistake*  I  was  led  to 
aafce  tbe  cxperimeat  by  an  accident*  I  employed  % 
eaoBlcbiMC  bottle  fitted  with  a  stop-cock  in  the  usual 
way  for  holdrng  ammoiiiacal  gas*  The  gas  very  soon 
iisBppearedy  though  the  bottle  was  perfectly  air-tigh^ 
as  I  learned  by  plunging  it  in  water.  This  induced  me 
»o  fill  it  repeatedly  with  gas.    In  a  short  time  it  became 

idem  that  the  gas  had  been  absorbed  by  the  bottle 
f.  It  became  soft  and  then  glutinous,  and  never 
rceorered  its  elasticity.  I  then  tried  the  alkalies  in 
geoeral,  and  found  that  they  were  aU  capable  of  produ- 
ctng  the  same  changes  on  caoutchouc,  and  even  of  dis- 
solving if,  though  in  a  very  minute  proportion. 

The  acids  act  but  feebly  upon  caoutchouc.     Sulplui-  Acid^ 
ric  «cidy  even  after  a  very  long  digestion,  only  chars  it 
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Book  IV.  superficially.  The  proportion  of  charcoal  obtained  in 
Mr  Hatchett's  experiments  was  only  4 2 /^rwi/*  and  he 
could  observe  no  traces  of  artificial  tannin  *•  But  when 
heat  is  applied  the  caoutchouc  is  completely  decompo- 
ted.  When  treated  with  nitric  acid,  there  came  over 
azotic  gas,  carbonic  acid  gas»  prussic  acid  gas ;  and  oz« 
alic  acid  is  said  to  be  formed  f.  Muriatic  acid  does 
not  affect  it  %*     I'hc  other  acids  have  not  been  tried. 

Heat.  Fabroni  has  discovered^  that  rectified  petroleum  dis- 

solves it,  and  leaves  it  unaltered  when  evaporated  }• 

When  ezpoosed  to  heat  it  readily  melts ;  but  it  never 
afterwards  recovers  its  properties,  but  continues  always 
of  the  consistence  of  tar.  It  burns  very  readily  with  a 
bright  flame,  and  diffuses  a  fetid  odour.  In  those  coiin* 
tries  where  it  is  produced,  it  is  often  used  by  way  of 
candle. 

When  distilled  it  gives  out  ammonia  [|  •    It  is  evident 

from  this,  and  from  the  effect  of  sulphuric  and  nitric 

acid  upon  it,  that  it  is  composed  of  carbon,  hydrogen, 

azote,  and  oxygen  ;  but  the  manner  in  which  they  are 

^      combined  is  unknown, 

Pbntseon.  It  seems  to  exist  in  a  great  variety  of  plants ;  but  is 
usually  confounded  with  tlie  other  ingredients.  It  may 
be  separated  from  resins  by  means  of  alcohol.  It  may 
be  extracted  from  the  different  species  of  missletoe  by 
water,  with  which,  in  the  fluid  state  in  which  it  exists 
in  these  plants,  it  readily  combines.  When  mixed  with 
gum  or  extractive,  it  may  be  separated  by  the  following 
process :   Digest  a  part  of  the  plant  containing  it  first  in 


It 
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'Water  and  then  in  alcohol,  till  all  the  substances  soluble  Ch^P-  ^ 
m  these  liquids  are  extracted.  Drj  the  residuum,  and 
digest  it  in  five  times  its  weight  of  rectified  petroleum* 
£zpress  the  liquid  part  bj  squeezing  the  substance  in 
a  linen  cloth.  Let  this  liquid  remain  several  days  to 
I  settle,  then  decant  ofiTthe  clear  liquid  part,  mix  it  with 
a  third  part  of  water  and  distil ;  the  caoutchouc  remains 
behind  «. 

According  to  Bucholz,  opium  contains  a  considerable 
portion  of  caoutchouc  f  •     That  part  of  masttch  which  • 
is  insoluble  in  alcohol  possesses  the  properties  of  caout* 
ahoac,  as  has  been  formerly  observed. 


SECT.  XXVIL 


OF     GUM     RESINS. 


This  class  of  vegetable  substances  has  been  long  dis^ 
tinguisbed  by  physicians  and  apothecaries.  It  contains 
many  active  substances  much  employed  in  medicine  $ 
and  thej  certainly  possess  a  sufficient  number  of  pecu- 
liar properties  to  entitle  them  to  be  ranked  apart.  Un- 
fortunately these  substances  have  not  yet  attracted  much 
of  the  attention  of  chemists.  Their  properties  and  con- 
alitnents  of  course  are  but  imperfectly  ascertained.     Of 


*  HennlMUdt,  Med,  aitd  Pbys.  Jeitr,  iil.  379. 
f  jitm.  de  Ciim,  xxiiv.  133. 


inoKzmEnr^  or  tts^vn. 

Boak  W,     Itte^  howf^erp  thej  have  engaged  the  tUtatioci  ol  M 
Braconnett  who  has  receutlj  publiihed  m  VMtj  dilaili 
extmination  of  several  of  them^  and  ba*  pioniadl  1 
examine  in  the  same  manner  the  whofe  9t  the  clan 
They  ma/i  however^  be  distioguiihed  bj  tbt  foUowii^ 
characters. 
Propertiei^        They  are  usually  opaque,  or  at  least  tbeir  traMA 
reticy  is  inferior  to  that  of  the  resias.    They  ared^J 
solid,  and  most  commonly  btittle,  aod  have 
a  fatty  appearance. 

When  heated  ibey  do  not  melt  as  the  resins  do  ) 
ther  are  they  so  combustible.    Heat,  however, 
ly  softens  them,  and  causes  them  to  swell.    They  hm 
with  a  flame* 

They  have  almost  always  a  strong  smell,  whtdi 
several  instances  is  alliaceous.  Their  taste  also  i 
often  acrid,  and  always  much  stronger  than  that  of  til 
resins. 

They  are  partially  soluble  in  water  %  but  the  soluuii 
is  always  opaque,  and  usually  milky. 

Alcohol  dissolves  only  a  portion  of  them*     The  i 
Itttion  is  transparent ;  but  when  diluted  with  water 
becomes  milky  j  yet  no  precipitate  fallsi  «or  is  any  this 
obtained  by  filtering  the  solution. 

Vinegar  and  wine  likewise  dissolve  them 
and  the  solution,  like  the  aqueoit^  is  opaque  or 

According  to  Henobst^t,  they  are  insoluUe  m 
phuric  ether. 

The  action  of  alkalies  on  them  baa  been  e: 
only  by  Mr  Hatcliett.     All  of  them  tried  by  thai 


»  ^  Clim*  hrviil.  19. 
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diiiohrdl  readily  in  mlktlme  solutiont 
wbcu  aisiictd  by  beat*  We  may  therefore  consider 
ibdD  ss  SDhiUe  ia  slkaliei  like  resins. 

From  tbc  experimentB  of  Mr  Hsitchett,  we  learn  that 

Aftscyt  aet  tm  theac  bodies  nearly  as  they  do  on  the 

WtaUm     Snlphuric  acid  dissolves  them,  and  grajdually 

ttlfcrta  tbem  into  artificial  tannin  and  charcoal.     The 

■ittmag  are  tlie  quantities  of  charcoal  obtained  by 

^^1  celebrated  cbemin  from  lOO  grains  of  different 

pm  resins  digested  to  alcohol : 

Ammoniac,****.* 58         Myrrh*. •ft*..«»*««4(l 

Asafauda**.»^»*  .»»,*>  Si         Gamboge ••«3i 

Olibaaiim. •*•»••*«*••. M 

Nimc  acid  acts  upon  them  with  energy;  coDvertiti|; 

Ami  6ni  umo  a  brittle  masa,  and  then^  with  the  assist^ 

mat  of  beat,  dissolving  them*      By  evaporating  this 

MoOf  Mr  Hatchett  obtained^  from  ammoniac  and 

dbetidsy  a  portion  of  artificial  tannin  }  but  he  did  not 

nmfd  tn  procuring  it  by  the  sanke  means  from  oliba* 

Bi^  myrrb,  and  gamboge  *. 

Tbfir  specific  grarity  is  usually  greater  than  that  of 
aresi&s* 

Tbetr  other  properties  still  continue  unknown .    They 
aD  cslber  exude  spontaneously  from  plants,  or  are  ob« 
md  by  iariiioiis.    At  first  t))ey  seem  to  be  in  a  liquid 
He }  but  they  graduakly  harden  when  exposed  to  tfa« 
r  mod  weather. 

They  have  been  usually  considered  by  chemists  as 
eooposcd  of  gum  and  resin ;  but  their  properties  are 
with  that  sappositioQ.     They  aU  cantaia 


Clktp^f. 


•  i^^Irojri,  iM. 
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"°"^  ^^;    a  volatile  oil,  or  a  substance  intermediate  bet^-een  ar^ 
oil  and  resin.     To  this  •'ubstance  we  are  to  ascribe  th^ 
milkj  solution  which  they  form   with  water,      Tlk.  ^ 
other  constituent,  in   most  cases,  bears  a  much  clos^j 
resemblance  to  extractive  than  to  gum.    Perhaps,  thcij 
we  will  not  err  very  far,  if  we  consider  the  gum  rcsii}| 
as  composed  of  a  gum  or  an  extractive  substance,  and  a 
body  intermediate  between  oil  and  resin ;  to  which  last 
they  owe  their  most  peculiar  properties. 

The  gum  resins  which  have  been  hitherto  applied  t9 
any  useful  purpose  are  the  following : 

CAlbanam.  i.  Galbanum.  It  is  obtained  from  the  bubon  galba^ 
nuffty  a  perennial  plant,  and  a  native  of  Africa.  When 
this  plant  is  cut  across  a  little  above  the  root,  a  milky 
juice  flows  out,  which  soon  hardens  and  constitutes  gal- 
banum.  It  comes  to  this  country  from  the  Levant,  m 
small  pieces  composed  of  tears,  agglutinated  together, 
of  a  yellowish  or  white  colour.  Its  taste  is  acrid  and 
bitter,  and  its  smell  peculiar.  Water,  vinegar,  and 
wine,  dissolve  part  of  it,  but  the  solution  is  milky.  Al- 
cohol dissolves  about  |ths.  When  distilled  it  yields 
about  half  its  weight  of  volatile  oil,  which  has  at  first 
a  blue  colour.     Its  specific  gravity  is  1*212*. 

AmmoDiac  2.  Ammoniac. — This  substance  is  brought  from  the 
East  Indies.  Nothing  certain  is  known  concerning  tbe 
plant  which  yields  it ;  though  from  analogy  it  has  been 
suspected  to  be  a  species  ofjcrulai.    It  is  in  small  pie« 


•  Brif^son. 

f  Wildcnow  made  rhc  seeds  ▼eget.ite  which  are  obienred  in 
Biac.  Of  the  pljiit  produced  he  hsw  formed  a  new  genus  under  the  i 
of  l^raJfum  j^ummi/era.  But  as  the  rooti  of  this  plant  were  not  obtenred 
to  yield  ammonite t  it  is  still  doubtful  how  far  it  is  the  plant  from  which 
amoioriiac  is  procured.    See  J^n,  Je  Cbim.  Ixiz.  267. 
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ited  together,  and  has  a  yeljowlsh  white 
Its  smell  is  somewhat  like  that  of  galbatmm, 
but  more  pleasant.  It$  taste  is  a  nauseous  sweet  mixed 
with  bitter.  It  does  not  melt.  Water  dissolves  a  portion 
of  JU  the  solution  is  milky ^  but  gradually  lets  fall  a  resi* 
aoui  portion.  More  than  one*half  is  soluble  t»  alcohol. 
Bis  portion  is  a  resin.  Colour  white,  soft^  and  due- 
uJc*  Melts  when  heated,  and  burns  like  a  resin*  When 
kated  becomes  harder,  but  nut  brittle.  Nearly  taste* 
Im.  Soluble  in  ether  aad  in  nitric  acid.  Precipita. 
ted  from  it  in  the  form  of  an  orange  substance,  partly 
Rsin,  partly  bitter*  A  portion  remains,  and  gives  the 
iiK|md  a  yellow  colour,  T*ste  of  the  solution  slightly 
icid  and  bitter.  Not  precipitated  by  carbonate  of  so- 
ds, tnunonia,  nitrate  of  silver,  nor  acetate  of  lead* 
The  oraoge  substance  has  a  bitter  taste.  When  heated, 
tiadil/ swells  and  blackens,  but  does  not  flame.  Burn^ 
irithaut  leaving  aoy  residuum*  Lighter  than  water. 
"' "  I  agitated  in  water,  tinges  it  yellow,  but  does  not 

solve.  Thcspccificgravity  of  ammoniac  is  1*207. 
Mr  Hitchett  found  it  soluble  in  alkalies.     Neither  aU 

nor  watcr^  when  distilled  off  it^  bring  over  any 


Chip,  U 


ling  to  the  analysis  of  Braconnot  ammoniac  t^ 
[composed  of  the  following  ingredients  : 
lO'O  resin 
18-4  gum 

4'4  glutinous  matter 
6*0  water 

1*2  loss 


100*0 


resin  he  foimd  brittle  and  yellow.    In  these  respects 


I** 


.    i-i*vr*  from  the  tw»«  -....-JL  §0  *wff  ''^  &. 

..,  >M  »■«•«  °'    g    .imc  •"*  '  "  j«  .unto  I 
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rither  wiih  water  or  alcohol  *.     Its  specific  gravhj  is    ^  Chap.  L  ^ 

4.  Si^i^enum.'-Thc  plant  which  yields  this  gum   Sagapenum. 
r^Q  is  not  well  known  ;  but  it  is  suspecttd  to  be  the 
^rmi$ferMtm.     The  substance  itself  is  hlroughC  to  £u. 
fopo-fraai  Akzandria.     It  is  conunonly  in  tears  agglu- 
linsled  t^cthcr.     Colour  yellow.     Taste  hot  and  bit- 
liBr.    Smell  alliaceous.     Softens  between  the  fingers, 
bat^oespot  melt  when  heated.     Sparingly  soluble  in  ^ 
vator,  but  almost  completely  soluble  in  alcohol.    When 
diltilled  with  water  it  yields  a  little  volatile  oil.     The 
mm  is  strongly  impregnated  with  the  flavour  of  the 
Hgsptnum  t* 

5.  ^/tf/or/i/tf.— This  substance  is  obtained  from  the  Asatei^ 
finJa  asafatidm,  a  perennial  plant  which  is  a  native  of 
Penis.  When  the  plant  is  about  four  years  old,  its 
VMts  are  dug  up  and  cleaned.  Their  extremity  being 
then  cot  off,  a  milky  juice  exudes,  which  is  collected. 
Then  anotlier  portion  is  cut  off,  and  more  juice  exudes. 
This  is  continued  till  the  roots  are  exhausted.  The 
'  juice  thus  collected  soon  hardens  and  constitutes  asafa^' 
tida.  It  comes  to  Europe  in  small  grains  of  different 
colours,  whitish,  reddish,  violet,  brown.  Pretty  hard, 
hot  brittle.  .  Its  taste  is  acrid  and  bitter ;  its  smell 
itroDgly  alliaceous  and  fetid.  Alcohol,  according  to 
Meamann,  dissolves  ab6ut  4  ths  cf  this  substance  ;  and 
witcr  takes  up  nearly  ^th  if  applied  before  the  spirit. 
A  considerable  portion  of  earthy  matter  remains  undis- 
solved.   It  yields  a  volatile  oil,  both  when  distilled 


•  Ncfimaiw*t  Ctem,  p.  315. 

f  Bris^on 

1  SeamMu\  ClLin.  p.  J 1 6.  • 
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.  Scammony. 


Opoponax. 


with  water  and  alcohol.    This  oil  possesses  the  ac 

properties  of  the  asafcstida  itself  *•    The  specific  gr 
ty  of  the  gum  resia  is  1*327. 

6.  Scammgity.'^This  substance  is  obtained  frov 
coMVolvuUts  seammotna^  a  climbiDg  plant  which  gi 
in  Sjria,  and  was  first  correctly  described  by  Dr  I 
sel  f .  The  roots  when  cut  jield  a  milkj  juice.  ' 
when  collected  and  allowed  to  harden  constitutes  S( 
ftiony.  Colour  dark  grej  or  black.  Smell  ^peci 
and  naus.eous :  taste  bitter  and  acrid.  With  wati 
forms  a  greenish-coloured  opaque  liquid.  Alcohol 
solves  the  greatest  part  of  it.  It  is  usually  mixed 
the  expressed  juice  of  the  root,  and  frequently  also 
other  impurities,  which  alter  its  appearance.  In  nr 
cine  it  operates  as  a  strong  cathartic.  Its  specific 
vity  is  1*235  t' 

7.  Opoponax, — This  substance  is  obtained  from 
pastinaca  opoponax^  a  plant  which  is  a  native  of 
countries  rounJ  the  Levant.  The  gum  resin,  like : 
others,  is  obtained  by  wounding  the  toots  of  the  p 
The  milky  juice,  when  dried  in  the  sun,  constitutes 
opoponax.  It  is  in  lumps  of  a  reddish  yellow  co 
and  white  within.  Smell  peculiar.  Taste  bitter 
acrid.  With  water  it  forms  a  milky  solutiou, 
about  one.half  of  it  dissolves.    Alcohol  acts  but  fee 

*  When  disiiiled  with  water  or  alcohol,  these  liquid 
quire  the  flavour  of  opoponax,  but  no  oil  separal 
Its  specific  gravity  is  1*(>22  ||. 


•  Neumann N  d'emittry^x^.  .;ia. 

f  See  an  abn'clgmi-nt  of  his  account  by  Dr  Lewis,  NeunannV 
^.  303.  I  Britson.  §  NcvBiansU  C^em.  p.  316.. 
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CUM  aEsi?is* 

%.uimlo^f  or  Gumguft, — Thii  substance  Is  obtain*  Chap.  L  _ 
id  froin  the  statagmStis  gambogioides,  a  tree  which  Gambog«» 
jrous  wild  in  the  East  lodits.  In  Slam  it  b  obuined 
drdin  bj  \irotrnd!hg  the  shoots  \  in  Cejploti  it  exudes 
jTrnDi  wbiinds  in  the  bark*  If  is  brought  to  feuropc  lA 
STgc  cakes.  Its  colour  i;;  jvWo^ ;  it  is  opaque,  brittle^ 
knd  breaks  Vitrcoiis.  It  has  no  smell,  and  very  Intte 
astc.  With  water  it  forms' e  yellow  turbid  liquid, 
VIcotml  dissolves  it  almost  cotnpletcly  ;  and  when  iijix- 
tA  iriih  water  becomes  turbid,  unless  the  solution  con* 
aminonia*  In  that  case  acids  throw  down  an  inso* 
lublc  yellow  precipitate.  It  operates,  when  taken  in* 
prnaJly,  7%  a  mo^t  Violent  cathartic.  Its  specific  gra* 
ri rj  li  1*221  •*  It  appears  ihat  it  was  brought  to  Ett^- 
rope  by  the  Dutch  aboUt  the  middle  of  the  17th  cen- 
iryf.  It  forms  a  fine  yellow  paint,  and  stains  hot 
IsirBle  of  a  fine  lemnn  yellow  f . 

Braconnet  analysed,  it  lind  found  it  composed  of  one 

ttX  of  a  gum  which  possessed  the  properties  of  trherry 

.  and  four  parts  of  a  reddish  briitle  resin  which 

'1  the  characteristic  properties  of  tht;  restns*     It 

lusolv-cd  in  alcohol  and  aUalies,  and  by  nitric  actd  was 

onveried  Into  a  yeHowi&h  hitter  matter*     Oxymuriattc 

:id deprived  it  of  its  dark  colour,  and  a  combination 

^ook  ptAce   befi^ten  it  auJ    muriatic   acid,  in  which  it 

tihftfilitedTThat  acid  §. 

Qi  MftrB, — The  plant  from  which  this  substance  ii    Mftrb* 
•b^incd  is  unknown.      If  we  belicte  Bruce  it  belongs 


f  l.«wi%  KcumiiQtiS  CUm.  pi.  ^00.  \  AtP,  ^t  Ctftm^  ItmCu  1^. 
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Book  IV.  Jo  the  g^nug  ^jf  fni^Q^^  it  grows  in  Abjisinta  isid 
Arabia.  It  is  in  the  form  of  tears.  Gdour  reddish 
yellow ;  when  pore  somewhat  transparent^  bat  it  is^ 
often  opaque.  Odour  peculiar.  Taste  bitter  and  aro-* 
matic.  Does  not  melt  when  heated^  and  bums  with 
difficoltj.  With  water  it  forms  a  yellow  opaque  aoIo« 
tion.  The  solution  in  alcohol  becomes  opaque  when 
mixed  with  water,  but  no  precipitate  appears.  By  dit- 
tillation  with  water  it  yields  an  oil  heavier  than  water ; 
but  nothing  comes  over  with  alcohol  *.  Its  apecific 
gravity  is  1'360  f.  It  is  employed  in  medicine*  Mr 
Hatchett  found  it  soluble  in  alkalies. 

From  the  analysis  of  Braconnot  it  appears  that  myrrh 
is  composed  of  about 

23  resin 

•Tgum 

100 

The  resin  is  reddish,  has  a  bitter  taste  and  the  peculiar 
odour  of  myrrh.     The  gum  differs  in  its  properties 
from  every  other  gummy  substance  hitherto  examined. 
It  has  a  dark  brown  colour  \  is  at  first  soluble  in  water^^ 
but  by  boiling  the  liquid,  or  by  exposing  the  gum  to^ 
heat»  it  acquires  cohesive  propertiesi  and  becomes  inso- 
luble in  water.     When  distilled  it  yields  ammonia^  am^B 
,when  dissolved  in  nitric  acid  azotic  gas  is  disengaged -. 
QThese  properties  show  an  analogy  between  it  and  ani  — 
mal  substances.     It  is  precipitated  by  the  salts  of  leaA.^ 
mercury,  and  tin,  and  it  falls  in  combination  with  th^ 
oxides  of  these  metals  $. 


*  Le  wit,  ^cumann't  Cham,  p.  317.  f  Briai«u 

X  AfiM,  dt  Cbim,  Uviii.  5a. 


\xy,  Ett^i*oritum* — ^TKis  substance  is  obtained  from     Ctiap.L 
the  a^b^rkia  officinalis.     The  miikj  juice  Vfh'xch  tx-   Euphor- 
iKfei  from  that  plant,  when  dried  in  the  sun,  ccwistimtes   ^'*^"^- 
euphorbium.     It  is  brought  from  Africa  in  sn^all  jel- 
low  teats.     It  has  no  smell,  and  is  mostly  soluble  \n 
alcohol.     Its  specific  gravity  is  1-124  ^.     It  is  conr^i- 
4ertd  Is  poisonous^ 

According  to  the  analysis  of  Braconnot  it  is  cotnpc 
fed  of 

19*0  wax 

20*5  majatc  of  lime 

^■0  Malate  of  potash 

5*0  Water 
13*5  Woody  matter 

3.0  Loss 


The  resin  has  peculiar  properties.  It  is  reddish  and 
traosparentf  excessively  acrid,  and  possesses  poisonous 
properties.  It  is  insoluble  in  alkalies,  but  soluble  in 
lulphuric  and  nitric  acids.  These  properties  show  it  to 
bet  peculiar  vegetable  principle*  The  wax  possesses  the 
propenies  of  bees  wax.  The  malate  of  lime  had  been 
miitaken  for  gum  f. 

IJ.  Little  is  known  concerning  the  substances  called 
bdellmm  and  caranfM^  reckoned  among  the  gnm  resinc. 
The  specific  gravity  of  the  firnt  is  r37l,  of  the  second 
l*lfi4t»  Bdellium  was  celebrated  by  the  ancient  phj- 
udaos*    It  comes  from  Arabia.     The  substance  ex* 


IfirtiKin. 


f  A'^n.  i^  Cllm.  h%'iil  44. 
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Bopk  IV.  tracted  from  ivy,  and  known  by  the  name  ofguma^i^^ 
d^rtCp  is  considered  at  present  as  a  gam  TCfinj  but  I  (I9 
not  know  that  it  iias  been  qbemicaliy  efamined.  Its 
specific  gravity  i^  1'294. 

12.  From  the  experiments  made  ^pon  ipecacuan^  the 
root  of  the  cepbelis  ipecacuanbqt  especially  b^  Dr  Ir* 
vine,  we  learn  tliat  it  also  contains  a  gum  resin.  The 
same  remark  applies  to  seycral  other  vegetable  sqb- 
stances  employed  in  medicine. 

It  deserves  attention,  that  the  gum  resin%  when  sub- 
jected to  destructive  distillation,  yield  all  of  them  a  por- 
tion ot  ammonia ;  a  proof  that  they  all  contain  azote* 
In  this  respect  they  agree  with  gum  and  extractive. 


SECT.  XXVIII. 

OF   COTTON. 


C>oTTOK  is  a  soft  down  which  envelopes  tiie  teedi  ^C- 
various  plants,  especially  the  diflferent  species  ofgouj^, 
,ptttm^  from  which  the  cotton  of  commerce  is  procured* 
f^fipn.         These  plants  are  nntives  of  warm  climates;  grotW  wilif 
in  Asia,  Africa,  and  America,  within  the  tropics  ;  and 
are  cultivated  in  the  East  and  West  Indies.    The  fioest 
cotton,  according  to  Mr  Edwards,  is  distinguished  by 
the  name  of  green  ^eed  coiign,  from  the  colour  of  its 
seeds  \    aud   is   perhaps  th^  produce  of.  the  g^sj^ 


•  IIht<try  of  tb<  H^ca  Indies^  \l  S64. 


There  are  tivo  spcciet  of  it ;  in  <»ne 
whtd  the  cdtton  does  not  easil)^  part  from  the  seeds. 
I  commonly  cuUivaied  i$  a  shrub, 
ds  enumerates  five  kindi  ;  ti«mrl^^ 
c  e^mmm  Jamaica,  tl)e  Arow»  biardtj,  ibc  nnnkttn^ 
c  FrtHth  (joisyftwm  arhornfrn)^  and  the  kidney  rof- 
Whea  the  seedi  are  ripe,  the  pods  oprn^  and 
tpUjr  the  cotton^  which  ii  collected  and   separated 
^em  the  seeds  hy  means  of  rollers. 

Cotton,  when  tpun  and  woven  into  cloth>  fumi^het 
irments  to  a  %*crjr  considerable  portion  of  the  ctvilited 
^ld«  The  quantiry  annuailj  brought  into  thia  coun- 
lir^,  and  ipuD  by  machinery,  is,  not  less  than  SO  millioni 
[yf  poiiJid$^  and  the  number  of  individuals  employed  in 
gxaaatiBicfuring  it  cannot  be  less  than  "i 00,000.  It  con- 
mtinitcs  therefore  one  of  the  mo&i  important  of  our  ma- 
nufictures. 

Though  no  correct  chemical  investigation  of  the  pro« 
perUei  of  cotton  ha»  hitherto  been  made,  j  et  as  its  ob- 
Fioui  qualities  dt^ingai&h  it  fiufliciently  from  every 
other  vegetable  subi^t^nce,  we  must  consider  it  as  a  pe- 
culiar vegetable  principle  ;  and  I  have  inrroduced  it 
iieif^  in  hopes  that  aome  person  or  other  will  be  indu. 
et4  to  examine  ilt  nature  in  detaiU  The  following  are 
die  particuiars  at  present  known. 

Tbit  lubftance  is  in  threads  difTeriog  in  lengtli  and 
latntncii*  No  asperities  *can  be  discovered  on  the 
aBtfue*of  these  threads  ;  but  if  Lewenhoeck's  micros- 
COpiol  observations  are  to  be  trusted,   they  are  M  uU 


Chsp,  f. 


•  Perbfi  the  fint  tfiecift  »fe  only  viriciic»  of  the  gP4typ>Mm  L' 
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Bodctr.    angolar,  and  have  three  sharp  adgot.     CMdo  di 
considenlbl^  iit  colour  i  but  whtn  MnMid  it  ht9i 

of  a  fine  white* 

Cotton  is  tatleless  and  deuitute  of  stMih     ItHt 
pletely  intolDble  in  water^  alcohtd^  ether,  and  ^Mb, 

in  all  the  vegetable  acids. 

The  diluted  alkaline  lejs  have  no  perceptible  ac 
on  cotton  ;  bnt  when  very  strong  they  dissolve  it  ii 
sisted  by  a  suflkient  degree  of  lieat.     The  new 
dncts  obtained  by  this  sidlutien  have  not  bfeen  tai 
ned* 

Cotton  has  a  strong  affinity  for  sotne  of  the  cM 

espeoially  for  riumina.    Hieaee  this  subttttoce  is  i 

to  fix  colours  on  cotton.     The  cloth  is  steeped  in  I 

luiiom  of  alum  or  acetate  of  alutninai  and  afterw 

.  dyed< 

Several  of  the  metallic  oxides  also  combine  Wil 
readily,  and  remain  united  with  much  obstinacyw 
ide  of  iron  is  one  of  the  most  remarkable.  Whefa 
ton  is  dipt  into  a  solution  of  i^on  in  an  acid)  it  ct) 
ont  yellow,  and  the  iron  is  neither  separated  by  a 
lies  nor  soap^  nor  ev^n  by  acids,  unless  wb^ft  the  c 
bination  is  quite  recent.  The  colour  gradtfdiy  d 
ens  by  exposure  to  the  air,  owinjg^  no  dovibl  16  tb^ 
idizement  of  the  iron,  unless  the  ch^th  be  Iftc^jpM  k 
aluminous  solution,  whrch  prevents  tlie  eelettf  fi^dtti 
coming  disagreeable,  probably  by  diluting  it*.  O! 
of  tin  also  combines  with  cotton,  and  is  A'equ^fiVdy  i 
as  a  mordant. 

Cotton  combines  readily  with  tannin,  and  form 


•  3ec  Chaptal,  jlnm.  dt  Qbim,  iXTi.  a66. 


yellow  Cf  brown   cocnpoiind.      Hetice  tht  mfusio  n 
^ftlU»  and  of  other  tistringtnt  substances,  is  ofteti  t&scd 
^s  •  mordant  fot  tottoti. 

Nitric  acid  decomposes  cotton  when  assisted  with 
ftteatf  ftfid  otalic  ficid  h  formed ;  the  other  product! 
fitve  not  been  eatamined.  Sulphuric  acid  Vewise 
^:liar»  iu  Oaryifioriaiic  acid  gal  bleaches  it,  and  probably 
^ters  and  dii  solves  it  when  appUed  in  a  concern  rated 
^tmte. 

Cotlcci  i$  extremely  combustible^  and  burns  with  a 

leiettr  li%*ely  flame^     The  ashes  left  be htnd|  according  to 

Kcamaofii  contain  some   potash.      When   distilled  it 

pelds  a  great  portion  ot*  acidulous  watery  and  t  small 

^atciuty  of  oily  but  no  ammonia  *. 


Cbtp.  f. 


SECT.  XXIX, 


OF  SU^Jblt* 


fiis  name  has  been  introduced  into  chemistry  by 
Feureroy,  to  denote  the  outer  bark  of  the  quercus  mber^ 
fit  the  common  cork  ;  a  substance  which  possesses  pro- 
ptrties  diScrent  from  all  other  vegetable  bodies* 

kii  cxccediitgly  light,  soft,  4i«d  elastic  ^  very  com- 
Iwtibk,  boffuttg  with  a  bright  white  flame,  and  liaving 

alight  black  bulky  charcoal  ;  and   when  distilled^ 

}i(Ui  a  lilde  ammonia. 


•  Ncuaiann'i  Ctm.  p  450. 
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When  digested  ia  wat^,  a  yeUowifhrColoared  tdi 
tion  is  obtained,  seeminglj  conuioing  ciEtractive^  j 
nearlj  the  same  proportion  is  taken  up  by  alcbhol ' 
Solphuric  acid  readilj  phars  it.  Nitric  mad  gives  it 
jellow  colour,  corrodes,  dissolves,  and  decomposes  it 
converting  it  partly  into  suberic  acid,  partlj  into  a  sol 
Stance  resembling  wax,  partlj  into  artificial  tannin,  ai 
.partly  into  a  kind  of  starch  j  matter  f. 

Fourcroy  supposes,  from  some  experiments  which  I 
does  not  relate,  that  the  epidermis  of  all  trees  ia  a  tul 
ataoce  possessed  of  the  san^e  properties  with  coiIl  i  ai 
perhaps  we  may  conclude  from  the  experiments  of  Linl 
that  all  vegetable  membrane  possesses  nearlj  the  sen 
chemical  characters.  At  least  it  agrees  with  oot 
in  furnishing  suberic  acid  when  treated  with  nitr 
acidt. 


99W1 


SECT.  XXX. 


07  WOOD. 


AxyL  trees,  and  most  other  plants,  contain  a  particoli 
suVs^AQC^^  ^^^^  known  bj  the  name  of  wood.    If  a  piti 


e  Nevmann't  Cbemutrj,  p.  418. 

f  bouillon  La  Grange,  Anm,  dt  Ci^,  xiiii.  50. 

I  Nicliolion*t  /wr.  xxiii.  155. 


d  be  well  dried,  and  dIgeCcd,  first  in  a  suSJci^ot 
r^uiiiUij  of  water  and  then  of  alcohol,  lo  extract  frorn 
iiaU  the  subsiances  soluble  in  the^e  liquids,  there  rc- 
siitns  only  behind  the  woodjjihrt* 

Thii  ^ubstancr,  which  constitutes  the  basis  of  wood, 
ii  composed  of  longitudinal  fibres,  eaiiily  subdivided  in- 
to I  number  of  smaller  fibres*  It  is  some w  hat  transpa- 
rrotf  ts  perfectljr  tasteless;  has  oo  smell ;  and  isnotal- 
Xtiti  hj  exposure  to 'the  atmosphere, 

h  is  insoluble  in  water  and  in  alcohol.     The  fixed    P'<»P«*««% 
iltslieiy  wlien  aa&tstcd  bj  heat,  give  it  a  deep  browti 
dour,  render  it  soft,  and  decompose  it.    A  weak  al-* 
ktline  solution  dissolve  it   without  alteration  ^   and  it 
tnijr  he  thrown  down  pig»in  by  means  of  an  acid.     By 
ihii  property  we  are  enabled  to  separate  wood   from 
most  of  the  other  vegetable  principles,  as  few  of  them 
^if  soluble  in  weak  alkaline  leys. 
^K^^^^  heated,  it  blackens  without  melting  or  froth*    Aa\xmU 
■   ittgup,  and  exhales  a  disagreeable  acrid  fume,  and  leaves 
iT  li  retains  ex;ictly  the  form  of  the  origi- 

M..  M,<»-.,  **  *ien  distilled  in  a  retort,  it  yields  an  acid 
ittjtior  qf  a  peculiar  taste  and  smell,  distingitished  by 
\\\t  name  of  py roll g nous,  and  formerly  considered  as  a 
iiitinct  acid  f  but  Fourcroy  and  Van  quel  in  have  lately 
jjcfiiarned  that  it  is  merely  the  aceire  acid  combined 
wiib  aa  eottpyrcumatic  oil  •. 


Kcftt, 


*  Mollfnt  it  tti<t  to  have  «ucccedcJ  in  FraDCe  in  makififr  acetic  acid 
fn«««'d  M  pure  ur  Illicit  vim  gar  )e  An^wcr«vcry  well  for  arumanc 
t«iftf|KatpQt«eMe«  t  litdc  art iattuiy,  which  makct  it  Idt  fit  tvf  thecaKtCi 
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^  Book  IV.        By  toittic  ftcid  Fourcrojr  converted  the  lesidonm  of 

Of  mtric       quittqabia^  which  does  not  seem  to  differ  from  tke 

*^^  woody  fibre,  into  oxalic  acid ;  ftt  the  nme  time  Aett 

was  a  little  citric  acid  formed,  and  a  very  small  qns&ti. 

ty  of  malic  and  acetic  acids.    Some  azotic  gas  also  wis 

•    disengaged. 

By  this  process  he  obtained  from  100  ports  of  woody 
fibre 

50*250  oxsdif  add 
3*005  citric  acid 
0*388  malic  acid 
0'486  acetic  acid 
0*807  azotic  gas 
8-330  carbonate  of  lime 


70*220 

32*031  residttom 


102*257 

There  was  likewise  a  quantity  of  carbonic  ackl  gas 
disengaged,  the  weight  of  which  was  ttnknowo.    Ttifk 
increase  of  weight  in  the  product  was  evidently  owing 
to  the  oxygen  derived  from  the  nitric  acid^* 

When  this  residuum  was  distilled  in  a  retorti  10< 
parts  yielded  the  following  products : 


•  AfUh  dt  (Him.  viiL  ij j. 


WOOD 


m  yellow  liquid^  containing  ulcohol^  and  sm 
acid  which  had  Uie  smell  of  pjromticous. 
I  of  coocietc  oiU  mostly  »olubU  iti  alcohol 
dimf coal  7  • 

5" 


carbonate  of  lioic . 


in  the  retort 


gs$»  half  carbonic  acid,  half  carbureted  hydro- 
gen 


wocia  li  Durnt  with  a  smothered  flame,  it  leaves 
11  knoWD^  a  qaaniity  of  charcoal  behind  it, 
thjbita  the  exact  form,  and  even  the  different 
i  the  original  wood.  As  it  is  the  wo^  alone 
bndergoes  this  chang€|  while  the  other  compo- 
1t  of  the  plant  arc  dissipated,  we  may  form 
>tion  of  the  relative  proportion  of  wood  which 
plants  contain,  by  the  proportion  of  charcoal 
they  yield.  Now,  the  quantity  of  charcoal  yield* 
1*00  of  different  trees  is,  according  to  the  ex- 
ifots  of  Proust,  as  follows  ; 

Black  ash 0-25 

Guatacunn  •««•••••••  0*24 

Pine 0*20 

Green  oak 0*20 

Heart  of  oak 0*19 

Wild  ash.,. 0-n 

White ash«*.,«*,.,.  0*11 
rem  the  facts  above  related,  ft  appears  thai  the  Compgn- 
Uf  plants  IS  composed  of  oxygen,  carbon,  hydro- 
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BooklV.^  gen,  azote,  and  lime.  Mr  Ghaptal  tuppotes  that  tiiuci: 
lage  diiFers  from  woodjr  fibre  merely  in  containing  leu 
oxygeti.  We  are  certain  at  least  that  mucHage  or  gbm 
is  composed  of  the  same  ingredients ;  and  Mr  ChaptU 
has  shown,  that  the  juices  of  plants  are  parti  j  cooveited 
into  a  substance  similar  to  woody  fibre  by  oxjmuriitic 
acid,  which  imparts  to  them  oxjgen  *•  These  juicb 
contain  both  gum  and  resin  :  after  the  formation  of  the 
woodj  fibre  the  resin  is  still  unaltered.  This  gives 
some  probability  to  his  opinion,  provided  it  can  be 
proved  that  extractive,  by  combining  with  oxygen,  ti. 
sumes  the  properties  of  wood ;  fqr  the  precipitate  obkr« 
ved  by  Chaptal  was  undoubtedly  extractive. 


SECT.   XXXL 

of     ALKALI!  S. 


J^HX  only  alkalies  found  in  plants  are  potash  and  soda. 
Ammonia  may  indeed  be  obtained  by  distilling  mmy 
vegetable  substances,  but  it  is  produced  during  the  ope* 
ration.    One  or  other  of  these  alkalies  is  found  in  every 
plant  which  has  hitherto  been  examined^    The  quaotit^ 
indeed  is  usually  very  small.      From  the  experiment* 
of  Vauquelin,  it  is  probable  that  the  alkialies  are  ( 
bioed  in  plants  with  acetic  and  carbonic  acids. 


*  Ann,  Jt  Cbim,  zzL  aSj. 


AlKALIES. 


iS^ 


PoUili  is  found  in  almost  all  plants  which  grow  at    ^  Ch*^  L  ^ 
ice  frcm  the  sea.     It  maj  be  extracted  by  bum-   Poush. 
vegetable,  washing  the  ashes  in  water,  filtrating 
r,  and  eiraporating  it  to  dryness.     It  is  in  this 
that  all  the  poush  of  commerce  is  procured, 
following  TMe  exhibits  the  quantity   of  ashes 
ash  which  may  be  extracted  from  100  parts  of 
plants  : 

2-8  0*215^ 

<•••.. 2'3G121  0-5gf 

^9*^«««««%*o«,«,«.,.,  1*35185    0*15345 

1*23476     0*07481 

1*1283      0-125^ 

•  ....— 0*58432     0*14572 

0*34133 

^  branchef... .„  3*379      0*55  t 

unon  nettle**.*,,...   10*61186  2*5033 


e  maiked  f  at*  from  Kirwafl,  Trid^Tniu,  v»  1^4.    The  reit 
tuiv  Ahm.  ^€  Chim,  \\%.  178,    Tht  fullowli>g  Tftl>le,  by  Redu  cl 
aiid  imliA  )  ieldetl  b]r  different  ptanis,  U  worth  tnttrting.    Ic  t» 
iKe  fLU,  Tranj.  for  1698  (toLsx.  p.  a8i.) 

Vegetable*.  )t^o9.dr,     oc.  dr.. 


>f  dried  flowers  of  orang« 
f  fOuNi  new  fpihcrcdf  whkK  driet! 
in  the  «irro  were  j6  lb> 
Red  oQiOTii  f bring   740)  rtmited*  ihe 
ouU  mratd  to  16  lb*  to  die  €<»(» 
new  added  4  oz,  of  «ut|^'hur 
yelifjght  fresh,  tiid  Brrerwirdi  ftiUed 
tud  bttritc  *  • 

DiKilkd  roeet 
^rnBuOeiihair 
.«obi«rhkdc  hellebore,  which  dried 
ante  %m  50  tbv. 

of  whtu  hellebore,  frcshi  which 
neeojolbv 


4    6 


4     O 


C    • 


6    o 


4     O 


XlftO  IKOREDXEHTi  or  PLAITTS. 

Bao»lV>        Cammcm  thisik 4*Q4903        0*58794 

F^m  .MtM..* 5*00781  0*6f  50 

Cow  thifUc  ,..M«.*.M».  10*5  1*06609 

Great  river  ru$h  »..  3*8539$         0*725134 

Fmtthcred  rush 4*33599         0«5061l 

Sulk«  of  turkey  whtat.  9*86  1*75 1 

Wormwood. «•«••••••  0*744  7*3 

Famitorj •.•••  21*9  7*9  f 

Trifolium  pratense....^ Q*078t 

Vctchc$ ♦ MM.tMtM  2'75 1 

Beapg  with  their  »t»lkt ^.m.  Z'Pf 


Poondi.        Vegetablet. 

96  Roots  dried  and  burnt  of  freih  tMla 
30  Rootf  of  liquorice 
ao  Pcllitory 
100  Green  codi«e 
90  Green  bindwetd 
apQO  herft$  of  laurel 
jco  Leaves  of  Uurel 

IQOO  Water  melons  well  ripc>  the  seeds  be- 
ing taken 
2400  Cucumbers 
300  Wood  of  ivy 
50  Score  ooera  dried 
3C0  Pine  apples,  the  BHtl  taken  out 
Ijo  Mugwort  dri«d  -  • 

130  Leaves  of  cyprus 
10  Peel  of  pomegranatct  dried 
a  Sassafras 
la  Lignum  sanctum 
4  Yellow  sapders 
4  Black  pepper 
30  Ginger 
12  Turbiih 

Wotid  of  fir  - 

ScopK  -  - 

9cops 


Ashes: 

Sdjj. 
M.  dr. 

300 

• 

%    9    9 

I    4 

K     0 

0   4 

a    0   0 

a   0 

1,  0   0 

a 

33    0    4 

0   • 

600 

xo, 

ai    0    1 

9    c= 

18    0    0 

0   ^^ 

900 

0 

800 

0 

300 

0 

800 

0 

600 

0 

080 

0 

000 

0 

a    6    0 

0 

014 

0 

•    •    4 

0 

I    t    • 

O'         .J 

1     #    A* 

^^  ^ 

3   01  *»a^    4 

i4 

AUtAtriti* 


m 


In  general,  tUrce  dmcs  as  much  ashcj  are  obtained  ^^fi*^* 
^rom  shrubs,  and  five  times  as  much  from  herbs,  as  from 
trees.  Equal  weight*  of  the  branches  of  trees  produce 
pore  a&hcs  than  the  truok>  and  the  leaves  more  than 
I  he  braochci*  Herbs  arrived  at  ma  tut  ay  produce  more 
pibcs  than  at  any  Other  luM,  Green  vegetables  pro- 
dace  more  ashes  than  dry  *. 

The  salt  which  is  obtained  fi'om  plants  does  not  con* 
sisl  wholly  of  potash,  there  arc  other  salts  mixed  with 
i^lbr^e  usually  are  sulphate  of  potasli,  muriate  of  pot-^ 
H^  sulphate  of  Ilmcy  phosphate  of  lime,  &c.  j  but 
these  bear,  in  general,  but  a  small  proportion  to  the 
potash.    Tlic  ashes  consist  of  potash  mixed  with  earths. 

Some  judgment  m^y  be  formed  of  the  quaniitj  of 
^gfOUsh  which  a  plant  contains,  from  the  quantity  of 
HKs  which  it  yields  ;  but  the  above  Tabic  is  suiEcient 
NRhow  us,  thai  were  we  to  trust  to  that  we  would  oft- 

Ibe  miskd. 
L  Soda  is  found  in  almost  all  the  plants  which  grow  So^i. 
the  sea,  and  in  many  of  those  which  grow  on  the 
ll^re.  In  general,  the  qaamity  of  soda  which  plants 
^llain  bears  a  much  greater  proportion  to  ihcir  weight 
pian  the  potash  does  which  is  found  in  inland  vege- 
tables. 100  parts  of  the  saLoIa  loda,  for  instance,  yield 
^©•921  of  ashes  s  and  theiie  contain  1*992  parts  of  soda  j 
^Ofne  of  which,  however,  is  combined  with  muriatic 
•cid  t-  The  plants  from  which  the  greater  part  of  the 
'  iariiha  as  it  is  called,  which  is  imported  from 
L3  catuacted,  arc  the  salsQla  mtiva  and  Vfrnticu^ 


f  VauqucUii,  Ibid,  sviil  ^f, 

L 
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SECT.  XXXII. 


OF  EARTHS. 


x  H£  onljr  earths  hitherto  found  in  plants  are  tibe  &a 
following  I  lime,  silica,  magnesia^  alumina. 
liflie.  1.  Lime  is  usaally  the  most  abundant  of  the  esrd 

of  plants,,  and  the  most  generally  diffiised  over  the  vegi 
taBle  kmgdom.  Indeed  it  is  a  verj  aocommoD  thn 
to  find  a  plant  entirely  destitute  of  lime :  salsola  sods : 
almost  the  only  one  in  which  we  know  for  certain  th 
this  earth  does  not  exist  *• 
sahib  2.  Silica  exists  also  in  many  plants,  particularly  i 

grasses  and  e^uisetums.  Mr  Davy  haaaaeertained  tb 
it  forms  a  part  of  the  epidennis,  or  outermost  bark  ( 
these  plants  -,  and  that  in  some  of  them  almost  the  who 
epidermis  is  silica. 

PautsSiEci. 
100  parts  of  the  epid.  of  bonnet  cane  yielded  90 

bamboo..  • 71^4^ 

(arundo  phragm.)  couMOon  reed  •  •  •  •  48*1 
stalks  of  com..«...  o*5 
The  concretions  which  are  sometimes  found  in  ti 


•  Vaa^eUn,  Amh,  it  dim.  ^nrffi.  7^ . 


iEAktiiii. 


iSi 


2VUgneiii« 


catie  called  tabasheer,  have  been  a«(tertaihed 
acie  to  be  composed  of  pure  silica  X* 
kgne^a  does  not  exist  so  gencraltjr  in  ihe  vege* 
Igdom  as  the  two  preceding  earths*  It  has  been 
wever,  in  considerable  qtian lines  in  several 
f  especially  fact  •*;  but  the  saUoU  soda  con- 
plater  propotrtiou  of  magnesia  than  any  plant 
estaiDined*  Mr  Vauquelin  found  that  100 
it  contained  ll'!^29  of  that  earth  ^. 

mina  has  only  been  found  in  very  small  quau-  Aluioloi* 
|)lants. 
Uowing  Table  will  show  tbe  quantity  of  these 
lis  which  txnt  la  several  vegetables. 

parts  of  oak  contains  of  earths 1*03  || 

Beech ^.•.1 0-453  + 

Fir  ..«.«. *......4*... «#«••••••  0*003 1 

Turkey  wheat •«••♦•%##  1*1 1  f 

Sunflower. .^.i»,4,^»Ml««««.  3*12  f 

Vine  branches  .^4*«4*.« 2*f5t 

Box  ,...***.* *..  2-6741 

Willow , 2*515  t 

JLltO  ••••***««a.«#««**#«4*4««**     1*90  T 

Aspin.*....... i..<«.44.  1*146  t 

Fern  ,*. S'221  * 

Wormwood 2*444  J 

Fumitory *••••.. •..•.«.«.14*000  $ 


I  Vaoqudin  litetj  ei^mitied  a  tabiihecr  from  the  At^d^i 
I  it  ctvnpoted  ul  }0  tdi^  and  30  potaih.    Gehlcxi*t  Jear^  Second 

Mil. 

^uelkt,  ,ifiM,  it  Chm.  tviii.  96.  and  ia*  94*  1  Ibid.  p.  %%^ 

f  Ktrwan^  Irtih  tr^^^^  til*  15* 


XNGREOIEHTa  OF  PLAWTS. 

This  Table  shows  us  that  the  quanlitj  of  ctrtf 
greater  in  herl>s  than  in  trees. 

Bergoian  found  all  the  four  earths  in  every  kini 
grain  which  he  analysed  *• 

Vauquclin  found  that  100  parts  of  oat  glBaia 
S'150X  of  residuum.     This  residuum  is  compoicd  c 
60-7  silica 
39*3  phosplfate  of  lime 

100*0 1 

When  the  whole  of  the  avitia  saiiva,  h^.wtveri  sU 
and  seed  together,  is  burntt  il  leave*  a  cesiduiias  ea 
posed  of..^««««..«55  silica  ... 

15  phosphate  of  limp 
20  potash      .  . 
5  carbo99{e.pf  limQ 

95  and  a  lijtile.  oxide  of  iron  % 
This  shows  us  that  the.  stalk  cootains  several  si 
stances  not  to. hie  found  in  the  grain. 

The  following  Ts^ble  e;thibits  the  quantity  of  eai 
and  memUic  oxides .  in  grains^  obtained  by  Schrae 
from  32  ounces  of  the  seeds  of  the  following  kinds 
com ;  wheat  (jriucum  byberfmm\  vjt  (jecak  certa 
barley  (Jiqrdeum  vulgare\  oats  {aoena  satha)^  i 
likewise  from  the  same  quantity  of  rye  straw  }« 


•  Opvsc.  ▼.  94.  t  Anm,  it  iCM».  SIIE.  I7. 

\  Ibid.  1 9.  \  Gchicn's  Mm9.  &  j^ 
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wrc  junior,  in  his  Cbemical  Researches  on  Vcgt- 
i^a  work  published  in  I  SO  4,  has  given  ns  tlit*  most 
^t  t^ble  of  \\\^  earthy  and  satir^e  conslttuirnts  tii 
Hbles  whicti  has  yci  appeared.  This  table  Is  the 
valuable,  as  it  wis  constratted  cmirclj  5'om  hii 
Rftperimcnts.     For  that  re^iion  1  shall  ioicrt  it   in 
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SECT.    XXXIII. 


OF  METALS. 


Setcral  metallic  subBtances  have  also  been  foam 
the  ashes  of  vegetables,  but  their  quahtity  is  exceedir 
small';  so  small,  indeed,  that  without  very  delicate 
periments  their  presence  cannot  even  be  detected. 

The  metals  hithecto  discovered  pile  iron,  which  is 
far  the  most  common,  manganese,  and,  if  we  beli 
some  chemists,  gold. 

1.  Iron  has  been  found  in  makij  plants ;  the  sshe 
ttlsola  contain  a  considerable  quantity  of  it«  ttom 
experiments  of  Mr  Grimshaw,  it  appears  that  six  o 
eet  of  cotton  cloth,  unbleached,  contain  abdut  foUr  ^ 
of  iron,  and  six  ounces  of  linen  in  the  same  stalo  a] 
three  grains;  but  it  is  likely, .  as  Mr  Grimshaw' 
serves,  that  part  of  this  iron  is  commuaieated  to 
cloth  by  the  weaver's  dressing.  When  it  getaacidy 
is  allowed  to  remain  in  iron  pans,  it  must  take  up  a 
of  the  metal  *• 

2.  Scheele  first  detected  man^ese  in  vegetable 
Proust  found  it  in  the  ashes  of  the  pine,  calendulvp  v 
green  oak,  and  fig-iree  %•  ^  ' 


•  PItU.  Mji'  xvi.  33'  I  0/usc,  I  xo6.  t  Piii.  Mtf.j 


▼ecetable  principles* 

3*  With  respect  to  the  minute  portion  of  ^old  ex- 
trmcted  from  the  ashes  cf  pJants  by  Kunke],  Sage,  6cc. 
it  is  probable  that  it  proceeded  rather  from  the  lead 
which  tbejr  employed  in  their  processes  than  from  the 
Mb«s« 


SECT.  XXXIV. 


or  TCGETABtE  PEIKCIPLES  IH  GEKEIUL* 


U  the  preceding  Sections  a  pretty  full  account  has 

to  given  of  the  different  vegetable  principles  hitherto 

txamincd  by  chemists*    They  amount  to  no  fewer  than 

'  33  genera^     But  the  three  last  of  these,  namely,  the  al- 

ktlicSy  earths,  and  metals^  occur  usually  in  such  small 

proportions,  that  they  are  scarcely  entitled  to  the  name 

p(  vegetable  principles,     fiesidesp  it  h  highly  probable 

they, are   taken   up  ready  formed,  aod  deposited 

rithout   alteration   in   the   vegetables   which  contain 

li^i  whereas  the  other  SO  genera  consist  of  substances 

^^hkht  owe  their  formation  to  the  processes  of  vegeta- 

tioa.   It  is  of  themi  of  course,  that  vegetables  are  form- 

I;  they  are  the  substances  which  came  into  view  when 

^ftgeiables  are  analysed.      It  h  necessary  therefore  to 

be  wkU  scquaiuted  with  their  essential  characters,  that 

we  may  know  the  marks  by  which   they  are  to  be  re- 

rogmsed^     These  unfortunately  are  sometimes  ambi- 


m 


INGREBIESfTS   OF  FtAWTf* 


iDoiinr. 


gnotis  ;  so  that  m  good  deal  of  &ki]]  and  eicpenencc 
nec€ss;ir3r  before  we  can  distinguish  them  rcadilj.   Soi 
of  them  indeed  are  so  imperfectly  known^  that  we 
in   possession  of  no  good  characteristic  marks.     TYm  4 
following  Tabic  coiitaios  a  general  vieiv  of  the  iiioqm 
striking  properties  of  the  difFcreni  genera. 

1.  Sugar. — Cryttallir.es*  Soluble  in  water  and  alcohcil^ 
Taste  9wect.  Soluble  in  nitric  acid^  and  yields  oacalie 
acid. 

2.  Sari'oco/I* — Does  not  crystallize.  Soluble  in  vn* 
ter  and  alcohol.  Taste  bitter  sweet*  Soluble  in  nitric 
acid,  and  yields  oxalic  acid. 

3*  w^jr/^ra^M.^^Crystalli^es*  Taste  cooling  and  nsu* 
aeous.  Soluble  in  hot  water.  Insoluble  in  alcohol. 
Soluble  in  nitric  acid,  and  converted  into  bitter  pfio* 
dpte  or  artificial  tannin « 

4*  G«Wt— Does  not  crystalline.    Taste  insipid.  8o» 
luble  In  water^  and  forms  mvcilage.     Insoluble  in 
eohol.     Precipitated  by  siiicated  potash.     Soluble 
mtnc  acid,  and  forms  saclacttc  and  oxalic  acids. 

5*  Mucus#     Does  not  crystallize.      Taste   insipid. 
Soluble  in  water,  apd  forms  mucilage.     Insoluble  in 
cohoK    Not  precipitated  by  siiicated  potash.      Prect 
iated  by  alcohol  from  water  in  a  fibrous  form  wilhfMli 
rendering  the  liquid  opaque. 

O.  Uimin, — Does  not  crystallize*    Taste  insipid*  S< 
luble  in  water,  and  does  not  form  mucilage*     Predpi 
tated  by  nitric  and  oxy muriatic?  acids  in  the  state 
resin*     Insoluble  in  alcohol. 

1»  iffw/iVi.— A  white  powder*  Insoluble  in  cold  wi 
ter.  Soluble  iu  boiling  water  \  but  precipitatts  unal-^^ 
tered  after  the  solution  cooli.  Insoluble  In  alcohoK^ 
Soluble  in  nitric  acid^  and  yields  oxalic  aaid. 


?C<^£TA1L£  PfttKCIPlES. 


^.  Stitrch'-^A  white  powder.  Taste  iasipid.  Ia» 
to^uble  in  cold  water.  Saluble  in  hot  solution  ;  opaque 
&:nci  glutinous*  Precipitated  bjr  infusion  of  nutgalls  ; 
l>«-ecipitate  redissolved  by  a  heat  of  120^.  Insolubk 
ID.  alcoboL  Soluble  in  dilute  nitric  acid*  and  precipi- 
tsitcd  bj  alcohol*  Yields  with  niuic  acid  oxalic  acid, 
and  a  waxy  matter. 

i»,  In£go, — ^A  blue  powder.  Taste  insipid*  Inso- 
luble in  water,  alcohol,  ether.  Soluble  in  sulphuric  a- 
cici.  Soluble  in  nitric  acid,  and  converted  into  bitter 
prindple  and  artificial  tannin*  Volatilixed  by  heat  in 
A  purplcf  smoke, 

10*  Giuien. — Forms  a  ductile  elastic  mass  with  water. 
Partially  soluble  in  water ;  precipitated  by  infusion  ot^ 
DUtgalls  and  oxymuriatic  acid.  Soluble  in  acetic  add 
a^d  muriatic  acid.  Insoluble  in  alcohol.  By  fermen- 
tation  becomes  viscid  and  adliesive,  and  then  assume* 
%Ht  properties  of  chtete.  Soluble  in  nitric  acid^  and 
jfields  oxalic  acid. 

11.  v^^^f/r.-^Soluble  in  cold  water.     Coagulated 
l»y  heat,  and  becomes  insoluble.     Insoluble  in  alcohol. 
Predpitacedby  infusionof  outgalls.  Soluble  in  nitric  acid* 
12*  fiArw.— Tasteless.     Insoluble  in  water  and  al- 
cohol*      Soluble  in  diluted  alkalies  and  in  nitric  add^ 
Sooa  ptttre£es. 

13.  MiitiT  princifU*''^Q\xi\xt    yellow    or    brown. 
Taste  bitter.      Equally  soluble  in  water  and  alcohoJ.* 
Soluble  in  nitric  acid*    Precipitated  by  nitrate  of  sih^er. 

14.  Exiractivt. — Soluble  in  water  and  alcohol^  inso- 
luble in  ether*  Precipitated  by  oxymuriatic  acid,  mu.^ 
riate  of  tin^  and  muriate  of  alumina ;  but  not  by  gela- 
Boe.    Dyes  fawn« 

15.  Tai»ii/i*p->Taste  astringent.      Soluble  in  water 
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^^\   Md  in  alcohol  of  0-810.    Precipitated  bj  gelatinei  tt 
tiate  of  alumina,  muriate  of  tin. 

16.  Narcotic  principle. — Ctystallizei.  Sparingly ; 
Inblein  hot  water  and  alcohol. 

17.  Fixed  Ms. — No  smell.  Insoluble  in  wateTi 
cohol.  Form  soaps  with  alkalies.  CoagulaCod 
earthy  and  metallic  salts. 

IS.  n^ax.-— Insoluble  in  water.  Soluble  in  alcoli 
tihet^  oils.     Forms  soap  with  alkalies.     Fusible. 

19.'^Volatik  oil. — Strong  smell.  Insoluble  m  wat 
soluble  in  alcohol.      Liquid.      Volatile.     Oily. 
nitric   acid  inflamed,  and  converted  into  resinous  « 
stances. 

20.  Cum/i&or.— Strong  odour.  Crystallites.  In 
Inble  in  water  ;  soluble  in  alcohol,  oils,  acids;  insohi 
in  alkalies.  Burns  with  a  clear  flame,  and  volatili 
before  melting. 

2 1 V  Bird*  /rW.— Viscid.  Taste  insipid .  Insoln 
in  water.  Partially  soluble  in  alcohol.  Very  aolo 
in  ether ;  solution  green.  ^ 

22.  Resins. — Solid.  Melt  when  heated.  Insoln 
in  water.  Soluble  in  alcohol,  ether,  and  alkalies,  i 
luble  in  acetic  acid.  By  nitric  acid  converted  inta 
tificial  tannin. 

23.  Guaiacum, — Possesses  the  characters  of  res 
but  dissolves  in  nitric  acid,  and  yields,  oxalic  acid 
no  tannin. 

24.  Balsams. — Possess  the  chitecters  of  the  res 
but  have  a  strong  smelly  when  heated^  benzoic  i 
sublimes.  It  sublimes  also  when  jtMey  tfre  dissoM 
sulphuric  acid.  By  nitric  acid  converted  into  artfA 
tannin. 

25.  Caoufcbouc, — Very  elastic.  iHiblnUeiafn 
and  alcohol.    When  siceped  in  ether,  reduced  to  a  pi 
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bcres  to  every  thing*    Fusible  and  remains  li-   ^  ^*»*r-  ^ 
try  combustible* 
G«Js«  rm«/,— Form  milk/  solutions  with  wa» 
r«)tp«rcQt    with  alcohol.      Soluble   m  alkalies. 
}  nitric  acid  converted  into  Tannin«     Strong  smelly 
tf  opaque^  infusible, 

Ceitom Composed  of  fibres.    Tasteless*    Very 

iitibtc.      Insoluble  in  water,  alcohol^   and  ether* 
kle  in  alkalies*     Yields  oxalic  ilcid  to  niiric  acid, 
Subtr^ — Burns  bright  and  swells.      Converted 
ic  acid  luto  suberic  acid  and  waif,     Purtially  so- 
f  tn  watc*r  and  alcuhoK 

I4^oodf.— Composed  of  fibres.    Tasteless*     Inso* 

lift  water  and  alcohol.      Soluble  in  weak  alkaline! 

Precipitated  by  acids.      Leaves  much  charcoal 

I  di&tiUed  h\  a  red  heat.     Soluble  in  nitric  actd|  and 

( oEaisc  mcId. 

;  these  arr  not  the  only  substances  which  occur 
vegetable  kingdom.  It  cannot  be  doubted  that 
^are  several  others  easily  recognized  by  their  pe- 
ptoperties  in  certain  vegetable  bodies}  thougfi 
lilt  have  not  yet  succeeded  in  obtaining  them  in  a 
»re  Slate,  and  in  ascertaining  their  characters  with 
WK  It  was  thb  deficieocT  of  precise  iuforma- 
hat  induced  mc  to  omit  them  ^  for  nothing  can  be 
Ibamaxdous  than  to  swell  the  list  of  vegetable  cou- 
tith  by  introducing  supposed  subsunces  from 
rtnaJogies  and  imperfect  expcrimeuts. 

ore  msny  vegetable  i.ub&tancci  remarkable  for    Acrid  prlB* 
alitr  acrid  property.      Mo* I  of  the  tanpncuii^  the   ^^^^^ 
bydr^piptr^  mmtatd^  &c,   are    well  known 
In  yomt  of  thesci  the  acridity  disappears  on 
5,  while  ia  others,  tii  muifatd^  it  retiiains.      In 


} 
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Book  IV.     some,  as  the  ranunculi,  the  acrid  portioQ  is  taken  up  hf 
water ;  while  in  mustard  water  dissolves  only  a  very 
small  part,  and  acquires  the  taste  of  garlic.     This  acrid 
property  certainly  depends  upon  the  presence  of  soae 
principle  or  principks  with  which  we  are  onacqaaioted. 
We  are  equally  ignorant  of  the  nature  of  the  pecoliir 
liquid  to  which  the  leaves  of  the  common  nettle  owe 
their  property  of  irritating  the  skin.     We  do  not  koow    | 
the  substance  which  gives  the  alliaceous  tribe  their  pe*    ' 
culiar  tastt  and  smell  ;  a  substance  amazingly  penetn.    I 
ting,  but  which  is  destroyed  or  dissipated  by  the  best    J 
of  boiling  water.      We  know  little  of  the  naseow    i 
principle  to  which  squills  owe  their  virtues ;  and  itill 
lest,  if  possible,  of  the  poisonous  juices  with  wbidi 
many  vegetables  are  filled.     Indeed  the  only  vegetsbk 
poison  with  which  we  can  say  we  are  acquaiatrf  ii    , 
prussic  acid.    These  are  but  a  small  number  of  instsiice% 
but  abundance  of  others  will  occur  to  every  reader*   Lu 
deed  whole  regions  of  the  vegetable  kingdom  remsia 
still  unexplored.      Much  curious  information  ouiy  hi 
expected  from  the  analysis  of  theyiMr^f,  and  other  kiib 
tired  plants  \  from  the  analyses  of  the  alga^  and  of  the 
licbtns.     The  la^t  have  indeed  been  examined  by  Uof^ 
mann  and  Westi  ing,  but  only  with  respect  to  their  c^ 
louring  matter. 

Vegetftbie  Indeed  the  state  of  the  chemical  analysis  of  vegetaUca. 

fanptrftcL     "  '^^*  ^^^y  in[^p«^*'fc<^^-     No  general  rules^haveyet  beta 
laid  down  ;  no  successful  method  has  yet  been  MC>fr> 
tained.     In  every  particular  case  the  analyst  must  fol- 
low his  own  judgment,  and  be  guided  by  hit  own  csp^ 
rience.     Thus  every  one  is  obliged,  in  some  aKasH%t 
to  invent  a  method  for  himself,  and  to  create  the  wkoll?! 
as  it  were  anew*      Thus  much  time  is  wasted  hafBil^f 
the  chemist  is  upon  a  level  with  his  predeoeaoist  wk  j 
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ffofteilnking^^  as  it  were^from  the  same  point,  the 
gftM  is  much  slower  than  it  other  wise  would  be, 
[he  older  chemi^^Js  conEncd  their  analysis  entirely 
iictitx  distillallon.  By  this  process  thej  ub- 
tsearly  the  same  [>roducXs  from  cvcrj  vegetable, 
try  plaiu  whco  distilled  yields  vvater^,  oil,  acid, 
^baretcd  hydrogen  acid  carbonic  acid  gas  %  while 
tium  of  charcoal  remains  in  the  retort-  For  the 
rodiiclion  of  soK^ents  we  are  indebted  to  the  a- 
rica.  The  exptrriments  ofBoerhaave  and  Nrii- 
Q  were  daabtlcss  of  value  ;  but  it  was  Rouelle  who 
made  tlic  great  step  in  vegetable  analysis,  by  point* 
aui  the  uses  ol  various  solvents  to  separate  the  dif- 
[Jt  constitaeDti  of  vegetables  from  each  other.  He 
first  that  attempted  a  precipe  descriptrcu  of  the 
Me  principles,  and  that  gave  marks  by  which 
Science  tnighl  be  ascc^ained*  The  next  great 
made  by  Scheele,  who  detected  the  diflferenC 
kf  vegetables,  ascertained  their  properties^  and 
;  out  the  meihgd  of  separating  them  from  those 
^bie  substances  iuto  which  they  enter  as  constitu- 

tTlic  experiments  of  some  of  the  German  che- 
ipecially  of  Hcrmbstadt,  added  considerably  to 
overies  of  Rouelle  and  Scheele,  and  made  us 
^r  acquainted  with  some  of  the  cpnsiituenCs  of  ve- 
bles.  But  of  all  the  modem  chemists  none  is  en* 
greater  praise  than  V^auquclin.  His  analyses 
en  numerous,  and  his  discoveries  important.  He 
luced  into  the  subject  tiiat  precisioti  which 
^shes  all  his  researches,  and  his  method  has  been 
by  all  the  other  French  chemists.  Fourcroy 
often  associated  with  Vauquelin,  and  bis  mna^ 
[ilie  qiixnqiama,  which  he  published  alone,  is  en^ 
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titled  to  vtty  great  praise*      Proust  hfts  lately 
his  attention  to  the  same  $u1ijeet»  and  has  alre^ 
voured   the  world  with  very  insiriictive  papers, 
lately  the  analysis  of  vegetable  substances  was 
entirely  overlooked  by  British  chemists ;  but  %h 
tic^s  of  the  field  has  now  begun  to  attract  their 
tion.    Expf  rimenls  of  great  importance  have  bti 
IhheA  by  Davy,    Chenevix,   &.c.  and  above  1 
Haichett,    to   whom   vegetable   chemistry    lie 
drep  obligations  i  and  we   may  expect  still   m^ 
portant  information  from  the  zeal  and  skill  of  thai 
lightened  philosophers,      A  few  years  will  pi 
change  the  appearance  of  this  branch   of  chcmii 
most  entirely,  and  bring   it  nearer  to  the  state 
the  chemistry  of  minerals  has  already  acquired. 

Thus  we  have  examined   all   the   substance! 
have  been  hitherto  examined  from  vegetables, 
nalysing  each  of  them,  or  by  exposing  them  fcpi 
to  dtfstructive  di'.tiUationf  combustion^  &e.  we 
Ust  to  those  bodies  which   we  are  at  present  obi 
consider  as  simple^  because  ihcy  have  not  yet  I 
compoundedi  and  of  which  accordingly  we  nn 
pose  that  vegetables  are  ultimately  composed.' 
fimount  to  13,  namely, 


found  in 
pkfils. 

1.  Oxygen 

2.  Sulphur 

S.  Phosphorus 
4.  Carbon 

D.  Manganese 

10.  Potash 

11.  SodA 

12.  Lime 

1 

5-  Hydrogen 

€•  Aaotc 

7.  Muriatic  add 

13*  Magnesii 
14.  Silica 
15*  Alumina 

1 

8,  IroQ 

But  0/  these  substances  there  are  twelve  which  com- 
pose but  a  very  small  proportion  indeed  of  vegetables. 
Alasost  the  whole  of  vegetable  substances  arc  compo- 
fcd^f  four  ingredients,  oamel^% 

C«rhon  Oxygen 

Hydrogen  Axote 

jr  these  the  Uv,  nsm  cly  ax-ote,  forms  but  a  small  pro- 

lion  even  of  iho^e  vegetable  snbikcanct  s  of  which  it  is 

kcQOSttment  pari,   while  into  many  it  does  not  enter  at 

h  $0  thatj  upon  the  whole,  by  tVif  ihc  gre:iter  part  of 

tgcuble  substances  is  c0m}K)sed  of  cirbon^  hydrogen, 

I  oxygen.  1  do  not  mention  cali>ric  and  light ;  con- 
5frning  the  nature  of  which  too  little  is  known  to  en. 
ible  us  lo  determine  with  certainty  inio  what  subhtvriceR 
Jtfjr  enter. 

The  iubstances  at  prc.cnt  known  tochemiats^  which 
icy  have  not  been  hiiherto  able  to  decompose,  am*:uht 

Hitting  caloric  and  hght)  to  about  47,  Flfteco  i»f 
L^eact^t  rn  plants  j  the  rest  belong  exclnsi^cTy  to  the 
fkiocral  kingdom  :  for  it  is  a  fi*cf»  ih*»i  no  substance 
1  mean  simple  substance^    has  bicn    Int^urTu  Aaird  in 

animal  kingdom  which  docs  .?:^- 

^blei* 

On  the  contrary,  all  the  simple  suti^iaMrs  ;<i  ji,<:^L:it 
Bowo  may  be  found  in  mineral,     Thh  inr^rrd  ought 

i  to  surprise  us,  if  we  recolltc  t  ani- 

ih  and  vegetables,  after  ihey  hu^  ^  urdcr^o ;*c  dccom* 

Ffotltion,  arc  ultimately  confounded  wlih  mineral 5,  and 

QDCkset^uently  arranged  under  the  miiicral  kiogdom*    Be- 

wdcf^if  vegetables  draw  their  food  from  the  mineral 

kiogdom,  it  would  be  absurd  to  suppose  that  they  con* 

[urn  lubstances  which  they  coulJ   not   havv   prqaircrf* 

I  from  minerals. 
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CHAP.  11. 

OF  TIIE   PARTS  OF  PLANTS, 


\Vz  have,  in  the  preceding  Chapter,  enumerated  and 
described  the  difitrrent  substances  hitherto  detected  in 
plants.  But  a  more  difficult  task  remains  for  the  pre- 
sent Chapter ;  namely,  to  explain  the  composition  of 
each  vegetable  organ  in  all  the  numerous  families  of 
plants  which  constitute  the  vegetable  kingdom.  Thii 
task,  indeed,  in  the  present  state  of  vegetable  chemis* 
trj,  cannot  be  fulfilled.  By  far  the  greater  number  of 
plants  have  never  been  examined  at  all ;  and  even  of 
those  which,  from  their  medicinal  virtues  or  nutritive 
qualities,  have  attracted  the  attention  of  chemists,  onlj 
particular  organs  have  been  analysed,  while  the  rcftt 
have  been  neglected  as  unworthy  of  notice.  Nothings 
therefore,  either  resembling  a  complete  view,  or  an  ex- 
act arrangement,  is  to  be  looked  for  in  this  Chapter.  I 
shall  satisfy  myself  with  stating  the  most  importao^ 
facts  hitherto  discovered  respecting  the  compositioD  of 
plants,  as  far  as  I  am  acquainted  with  them^  tinder  tb; 
fhirteen  following  heads : 


u  Sap 

3.  Wood  iud  TooU 

4.  Bark 
5*  Leave* 
0*  Flowers 
7.  Polkfi 

rcn  tlie  subjects  of  the  fi^Uowing  Sections. 


8,  Seeds 

9.  Fruity 

10,  Bulbs 

11.  Lich<^ii9 

12,  Miishroonif 

13.  Diseases 


SECT.  1. 


Oi    THE   SAT  OP   PLANTS. 


general  opmton  of  physiologiiiU,  iliat  phnU  Dcfinitioii. 
|b  coiiMdcrable  part  of  their  nourislvmmt  by  the 
i%i  it  enter*  into  thcra  in  a  liquid  state,  and 
►  in  proper  vciseli  towards  the  leaver.  This 
distinguished  by  the  name  oi  tap^  In  the 
rhen  the  buds  begin  to  expand  ihemselvcs  iato 
I  if  we  break  oW  the  extremity  of  a  branchy  or 
\  the  wood  of  a  tree^  this  sap  Rows  out,  and  may 
tiuined  in  considerable  quantitit^s.  It  was  firM  cx- 
^by  Dr  Hales  ;  bat  chemical  auatysts  had  not 
H^fficient  progress  in  his  time  to  tnable  him  to 
pb  us  con&tituents.  Deyeux  and  Vauquelin  have 
t  recently  analysed  the  sap  of  diiTcreiit  trees.  To 
awe  are  ttidebted  Ukv  most  of  the  facts  known  rc- 
;  this  liquid, 
[sap  in  ail  the  vegetables  hitherto  examined  it 
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Bof.klv.^  nearly  as  liquid  as  water.  It  always  conttint  an  aeidi^ 
sometimes  free,  but  more  commonly  combined  with^ 
lime  and  potash.  Various  vegetable  principles  areals««^ 
present:  of  these  sugar  is  the  most  remarkable,  ar**^ 
mucilage.  Sometimes  albumen  and  gluten,  and  soia^,^ 
times  tannin,  can  be  detected.  When  left  to  its^//- 
the  sap  soon  effervesces  and  becomes  sour  ;  or  even  v/. 
nous,  when  the  proporrion  of  sugar  is  eonsiderable. 

Hfihcrto  the  sap  of  a  few  species  of  trees  only  hai 
been  examined.  We  are  not  in  possession  of  any  means 
of  collecting  tlie  sap  of  the  inferior  orders  of  plants. 
The  expressed  juices  of  a  considerable  number  of  ve- 
getables, indeed,  have  been  prepared  for  medicinal  puu 
poses ;  but  these  are  not  sap,  but  a  collection  of  all  the 
liquid  substances  which  the  plant  contained.  At  pre- 
sent, then,  it  is  not  possible  to  present  a  general  view  of 
the  properties  of  sap.  The  following  are  the  particular 
species  which  have  been  examined. 

1.  Sap  of  the  Elm,  ulmus  campestris^ 

Vauquelin  collected  three  different  specimens  of  tbe 
sap  of  this  tree  ;  the  first  portion  towards  the  end  of 
April,  the  second  in  the  beginning  of  May,  and  the 
PropCTtiet."!   third  about  the  end  of  May.      It  had  a  reddiih  brown 
colour  ;  its  taste  was  sweet  and  mucilaginous;  and  ic 
scarcely  altered  the  colour  of  the  infusion  oflitums. 
Ammonia,  barytes,  and  lime  water  throw  downaco-— 
pious  yellow-coloured  precipitate,  which  dissolves  witl^ 
effervescence  in   acids.      Oxalic  acid  and  the  nitrate 
of  silver  throw  down  a  white  precipitate*      Dilated 
-    sulphuric  acid  o^ca^iions  a  brisk  effervescence,  and  diicK^ 
g3gcs  the  odour  of  acetic  acid.      Oxymuriatic  acid&^^ 
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celour  of  the  sap,  and  throws  down  z  brown  Chtp.  IL 
>feciptut<.  Alcohol  produces  a  flaky  precipnate.  When 
;v^Aporaccd  by  a  gentle  ht-at,  a  pellicle  forms  on  thcsur- 
acc  f  brown  flake»  precipiiatc-,  and  an  earthy  matter  is 
leposited  on  the  sides  of  the  vessel.  The  earthy  mat- 
ter wa»  m  miJciure  of  ci»rbonate  of  lime  and  vegetable 
iab«t«iice«  The  liquid^  after  depositing  thc^e  bodies, 
»iK&  being  evaporated  to  ^V^ ^^  ^f  '^'  original  bulk^  con- 
l^itied  a  considerable  portion  of  acetate  of  potash. 

1.0 3P  parts  of  this  sap  were  composed,  according  to 
oelin^s  analysis,  of 

1021*90'*  water  and  volatile  mattet  CoimitiK 

9' 240  acetate  of  potish 
I'OCiO  vegetable  matter 
U'lpa  carbonate  of  lime 
evcgctable  matter  was  parUy  ejKtractive  and  partly 
ciUginons** 

On  analysing  the  same  sap  somewhat  later  in  the  CHtngeicrf 

▼  i'  *  .  ,      *hc  ap  by 

lessoo*  Mr  Vauquelin  found  the  quantity  of  vegetable   vc^eucjoo. 

a  little  increased,  and  that  of  the  carboaaic  of 

^nd  acetate  of  potash  diminished.     Still  later  in  the 

itason  the  vegetable  matter  was  farther  increased,  and 

ttte  other  two  ingredients  farther  diminished*    The  car* 

natc  of  lime  was  held  in  solution  by   carbonic  acid, 

which  there  existed  a  considerable  excess  in  the  sap. 

Il  is  to  this  acid  ga&  that  the  air  bubbles^  which  so  oft- 

accompany  the  sap  asii  issues  from  the  tree,  is  ow^ 


•  Jjtn.  ^c  Ctim.  T%\U  ^O.        ^ 


civ. 


rroperticii 


€?ooitie«^ 


ick. 


2*  5ii^  f^ftht  Bnch^fagut  syhaik^* 
Vauquelin  collected  two  difierent  specimefu  of  thtt 
sap  I  the  fint  m  the  end  of  Marcb^  the  teeocMl  d»QUt  iht 
end  of  April.      It  had  a  reddish   brown  culoor^   and  a 
taste  limtliir  to  the  infusion  of  tan*       it  tlrghtly   red 
dcned  vegetable  blues.      Barjtes,  ammoma,  carbonate 
of  pomsh,  and  oxalate  of  ammofuai  occasion  (»r#ei 
tates   in   it  \    oxy muriatic   acid   throws  down   yello 
flakes  \  sulphuric  acid  blackens  it^  and  diiCD^agtt  tho     ,, 
odour  of  acetic  acid  ;  sulphate  of  iron   strikes  t  blacky 
and  glue  throws  down   a  copious   whitish   precipilale 
When  gentijT  evaporate-d  to  drynests,  ic  leaves  a  bro' 
extract  amounung  to  about  ^fr  **f  **•  ^c»gh*f  ^^^^^ 
while  hot,  but  brittle  when  cold^  and  having   the  smell 
«nd  somewhat  of  the  taste  of  new  baked  bread.     It  ab- 
sorbs moisture  from  the  atmospherfp  and  increises  in 
weight  about  yth.    Lime  disengages  ammonia,  and  snU 
phtiric  acid  acetic  acid,  from   this  extract*      Alcohol 
dissolves  only  a  small  part  of  it«      This  tap  contained 
the  following  ingredients : 

Water 

Acetate  of  lime  with  excess  of  acid 

Acetate  of  potash 

Gallic  acid 

Tannin 

A  mucous  and  extractive  matter 

Acetate  of  alumina 
It  contained^  besides»a  colouring  matter,  which  may  be 
fixed  on  colton  and  linen   by  means  of  alum^  and  dyes 
ihem  of  a  fiuc  solid  reddish  brown  colout  *• 


SAP.  187 

Chap.IL 
3.  Sap  of  the  Hornbeam^  carpinus  sybcsttis  *.  '      "i      "^ 

Three  specimens  of  this  sap  were  collected  by  Vau- 
qu«Iin  during  the  months  of  March  and  April.     It  was  P^^pertics, 
li  oDpid,  uid  its  colour  was  whitish ;  its  taste  slightlj 
s'vreety  snd  its  smell  analogous  to  that  of  whey,    Bwrjtes 
tHrows  down  from  it  a  copious  white  precipitate,  sola* 
l>1e  in  muriatic  acid.     Carbonate  of  potash  likewi^ 
ttirowB  down  a  precipitate^  soluble  in  acids  with  effer- 
vescence*    Sulphuric  acid  deepens  the  colour,  and  e« 
voWes  the  odour  of  vinegar.     Oxalic  acid  throws  down 
a  oopions  precipitate,  and  nitrate  of  silver  gives  the  so« 
lotion  a  fine  red  colour.  3918  parts,  when  distilled,  left 
ian  extract  of  a  reddish  yellow  colour,  amounting  to 
6*219  parts.     It  had  a  sharp  taste,  and  attracted  humi- 
dity from  the  air. 

When  the  extract  is  digested  in  alcohol,  about  the 
half  of  it  dissolves.  This  portion  consists  of  extrac- 
tive, a  saccharine  matter,  and  acetate  of  potash.  The 
residue,  which  is  soluble  in  water,  consists  of  mucila^^ 
ginoos  matter,  acetate  of  lime,  and  a  colouring  sub- 
stance. 

When  this  sap  was  left  exposed  to  the  air  in  an  open  Action  oC 
glass  vessel,  it  became  milky,  disengaged  carbonic  acid, 
acquired  a  spirituous  smell  and  taste,  and  its  acidity  in- 
creased. After  some  weeks  this  odour  was  dissipated, 
and  carbonic  acid  was  no  longer  extricated.  Its  acidi- 
tj  continued  still  to  increase,  white  flakes  fell  to  the 
bottom,  and  the  liquid  became  transparent.  After  50 
days  the  acidity  was  found  diminished,  a  mucous  pel- 


*  I  presume  the  (arfmut  bttulus  is  mcinc. 


188  FARTS  OF  PLAKTS. 

BmL  XV.  lide  formed  on  the  surface,  which  became  at  last 
ish  brown,  and  the  liquid  bad  onl  j  a  mouldy  tas 
a  close  bottle  the  sap  never  became  transparen 
when  the  bottle  was  opened  after  three  mont 
air  which  it  contained  was  found  converted  int 
and  carbonic  acid.  The  liquid  had  a  very  stroi 
of  vinegar  *. 

4.    Sap  of  the  Bircb,  letultu  alba. 

Proi»eniei.  Xh^  ^^  ^f  ^j^jj  ^^^^  ;,  colourless ;  it  has  J 
taste  ;  reddens  vegetable  blues.  Neither  ammo 
coholy  nor  ozjmuriatic  acid,  produce  any  chang 
it.  Barytes  and  lime  throw  down  a  precipitate 
dissolves  in  muriatic  acid.  Hydrosulphurets,  si 
of  iron,  and  glue^  produce  no  effect.  Oxalic  acid 
down  a  white  precipitate.  Sulphuric  acid  disc 
the  odour  of  vinegar.  Nitrate  of  silver  strikei 
colour.  When  evaporated  to  ubout  ^th,  it  let 
reddish  brown  powder  insoluble  in  water.  Wh( 
parts  of  the  sap  were  evaporated  to  dr^  ness,  the} 
parts  of  brown  extract.  This  had  an  agreeabh 
attracted  moisture  from  tlie  atmosphere,  and  y 

Fcnncmed.  niost  completely  soluble  in  alcohol.  When  this 
is  dissolved  in  water  and  mixed  with  yest,  it  fe: 
and  the  fermented  liquor  yields  a  considerable  ] 
tion  of  alcohol  \  it  yields  also  a  considerable  po 
vinegar.  Vauquelin  did  not  succeed  in  his  atte: 
obtain  crystallized  sugar  from  this  sap  \  but  h< 
tained  that  it  contained  a  portion  of  extractive 
dyes  wool  of  a  brownish  yellow  colour.     Ac( 


•  A^n,  de  dim.  ixxi.  ^  u 


&AF« 


MO 


fT\e  and  of  aldminsi  were  also  present,  and  probably 

Iacet&ie  of  potash  *. 
e 
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5.     Safi  of  the  Yoh  Elm. 
h  sap  has  a  bitter  taste.     When  evaporated  to 


ess  It  leaves  a  brown  extract,  in  which  crystals  of 
ilrate  of  potash  are  gradually  formed.  This  extract 
■  scarely  soluble  in  alcohol.  It  gave  traces  of  the 
^■ence  of  acetate  of  potash  and  acetate  of  llmef  * 
B&ch  arc  the  experiments  made  on  sap  by  Vauque- 
^f  All  the  saps  examined  contained  acetic  acid  corn- 
iced with  lime  and  potash.  Carbonate  of  lime  with 
'tcess  of  acid  was  also  sometimes  present ;  and  all  of 
tiltni  contained  some  vegetable  matter  or  other,  which 
Bed  in  its  nature  according  to  the  plant  from  which 
i^as  extracted.  The  sap  of  the  birch  contained  su- 
^tr«  that  of  the  beech  gallic  acid  ^nd  tannin,  and  that  of 
die  elm  and  yoke  elm,  mucilage.  Kvery  sap  contain-' 
iiso  a  portion  of  cxiractivei  to  which  we  may  per* 
ascribe  the  ammoniacal  odour  emitted  when  the 
ct  of  these  saps  is  burni  J.  Much  is  still  wanting 
we  can  venture  to  draw  any  general  tnfcrenoea 
theae  facts. 

^^  1  Kite  not  had  sin  opportunity  of  ftceing  the  diaarrtatiou  (*f  Dey<Mt 
M  thi*  Milject.    He  eiiiuined  the  up  ol  the  vine  aud  yoic  ekiit  aii4 
I  ihc  ai£«utei,  «nd  a  siauer  which  he  cooi pared  to  the  atf4  9^ 


Ntturc. 


Milky 

IttiCMb 


1  mi:  mp  p35$c«  from  the  roots  in  peculur  v 
the  IcdWSy  wbcfc  ii  i%  a^iccrt-d  bj  a  proctss 
llut  olt  digestba  m  aiujiials,  and  formed  iutg 
\  &ubktance>  rcquiute  for  the  purposes  of 
liquids  Aow  irom  the  le&vet  to\«ards  the 
apploprtale  vtS6el^  ftad  have  received  the  oaiii^ 
fccuii4tr  juut^  oi  vegetables.  They  differ  verj 
dcrably  from  each  other  in  different  plants*  Tin 
all  a  certain  degree  of  cooKiittencyf  and  always  { 
much  more  vegetable  matter  than  the  tap*  In  d|| 
sent  slate  of  vegetable  chcmiftry,  an  accurate 
their  proper  lies  cannot  be  aiicmpied.  Indeed  it 
difficult  to  procure  them  from  many  platiti 
with  the  ssip.  They  sometimes  erode  ^ponta 
and  mTiy  always  be  procured  in  smaller  or 
qnaniity  by  incisiotis  throujrh  the  bark  of  the 
containing  them.  The  following  are  ibe  spect 
culiar  juices  which  hi^ve  been  hitherto  attended 

1.  MiJJtyJuurts^ — ^Many  plants,  when  wound 
»  eonniderable  qumntity  of  a  milky  liquid,  whi* 
in  moat  cases  at  least,  be  considered  as  one  of 
culiar  juices  of  the  vegetable  from  which  i 
niAture  of  tins  juice  is  t-xircmcly  various 

The  root  of  the  campanula  rotu/tdt/alia  yield 
juice. 


it  ftow^ 
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Cliildfei  m  some  parts  of  Scotlaod  collect  the  plant  for     C^ap^  U. 
vtic  »ke  of  lliis  juicci  which  they  suck  with  avidity. 
]l»  chenoical  prop^rliea  Lave  not  been  examined* 

Tli€  dtffereni  species  of  euphorbia  jicld    a  milkj   EupJ"»W»- 

jiuce,  which  hai  a  hot  taste  analogous   to  that  of  pep- 

pcTj  but  mott  acridj  and  which  cotmuues  for  a  long 

time  in  the  iDouth*     When  ojty muriatic  acid  was  pour« 

«d  into  this  jutce,  a  very  copious  white  precipttaie  fell 

down*     This  powder^  when  wa&hed  and  driedy  had  the 

ippearance  of  fine  starchy  and  was  not  aitertfd  hj  keep- 

iig.   Jt  iras  neither  aifected  by  water  nor  alkalies,    Ai- 

oolidi  aaaisted  by  heal,  dissolved  two>tbirdsof  itf  which 

«tre  precipitated  by  water,  aud  had  all  the  properties 

«Cmiio*     The  remaining  third  part  possessed  ihe  pro- 

jicflies  af  the  w^odyjihre*     Mr  Chaptal  tried  the  same 

raeni  oo  the  juices  of  a  great  Dumber  of  other 

,   and  he  constantly  found  that  oxy muriatic  acid 

precipilated  from  them  woody ^rt  *. 

The  different  species  of  the  poppy  (^apaver)  and  Poppy, 
lettuce  (Ja^turo}  ^ietd  a  milky  juicr^  which  possesses 
narcotic  f^aaliliesi  and  is  dii>tinguibhed  by  a  peculiar 
taste  aad  smelK  These  juices  have  becu  tnore  examia- 
ed  fehaa  ibe  preceding.  They  are  of  a  very  complex 
ftltafei  contaioing  a  great  variety  of  constituents.  Gum 
^rcssici^  ajid  extractive,  arc  the  most  prominent  of 
thtK;  and  if  the  experiments  of  Derosne  concerning 
the  pecuHur  narcotic  principle  u  Inch  lie  detected  in  o-  * 

ium,  and  which  tiavti  been  detailed  in  the  preceding 
Cbtpter^  be  cotiftrmed,  we  must  consider  that  principle 
tsconuituiing  aa  essentinJ  ingredient  in  these  juices. 


•  Amm,  d*  Ctim,  wCu  sS^. 
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BoofclV.        The  milky  juice  which  exudes  from  the  jatr^ 

GaoQtchouc  elastica,  the  bevaa  caoutchouc^  the  attocarfus  iuttgri/ 
lia,  the  urceola  elastica^  and  from  several  other  plant 
gradually  becomes  inspissated  when  exposed  to  theai 
and  constitutes  caoutchouc.  This  juice  has  been  h 
therto  examined  only  by  Fourcroy.  Thoogh  kept  i 
close  vessels,  the  caoutchouc  for  the  most  part  gradi 
ally  separates,  and  forms  a  white  solid  elastic  mas 
The  juice,  however,  still  continues  milky.  When  vf\ 
porated  in  the  open  air,  a  pellicle  of  caoutchouc  gn 
dually  forms  on  the  surface,  and  when  this  is  remove 
another  succeeds.  Fourcroy  ascribes  this  formation  \ 
the  absorption  of  oxyjren  from  the  atmosphere.  A 
sides  the  caoutchouc,  Fourcroy  obtained  from  the  jait 
transparent  prismatic  crystals,  which  had  a  sweet  taiti 
and  which  he  considered  as  saccharine  matter  approad 
ing  to  the  nature  of  au  acid  *. 

fkfnr.  The  juice  of  the   papaw  tree   possesses  properti< 

which  distinguish  it  from  most  others.  According  1 
the  analyses  of  Vauquelin,  detailed  in  the  precedio 
Chapter,  its  constituents  resemble  very  closely  the  OOB 
stituents  of  blood. 

Besides  tlie  milky  juices  enumerated  above,  there  ai 

many  others.     Almost  all  the  gum  resins  indeed  si 

originally  in  that  state  ;  but  as  no  chemical  analysis  < 

these  juices  has  yet  been  made,  it  is  needless  to  dwe 

*  tipon  them  t» 

Macikffi-  *'  MucUaginous  juices — ^The  peculiar  juices  of  mai! 

noQi  jiucct. 


•  Amm.  de  Chim,  xi.  115. 

f  The  rcatkr  may  consult  a  ditseration  on  the  milky  juicci  d  pi 
b/  Carndori.    bcc  Gchicn*s  /Mr.  vL  63a 


ure  not  loilky^  and  some  not  distioguishtd  by  anj     Chap.  I i, 
taste  or  smell.     In  these  mucttage  seems  to  be 
"predominating   matter.     Under  this  head   may  be 
cckoocd  the  juices  of  most  of  the  mucilaginous  plants 
^mcrated  in  (he  fiiih  Section  of  the  ptcccditig  Chap- 

tc  substance  called  ramhium^  too>  if  we  may  be  al-  CamVium. 
10  consider  it  as  a  peculiar  juice,  since  It  is 
Wtou&l/  diETerent  from  the  sap,  is  entirety  mucilagi- 
ous*  It  in^kes  its  appearance^  according  to  Mir  be),  in 
lltliosc  pafls  of  vegetables  where  new  matter  is  to  be 
tfffied,  and  seems  necessary  for  all  such  formations, 
^m  as  the  matter  employed  in  their  formation,  or  as 
Mnishiog  a  proper  bed  for  them  to  be  farmed  in.  It 
Dot  appear  to  be  con&ied  in  vessels  like  the  other 


[Some  juices  are  intermediate  between  volatile  oils  Turpentine. 
These  may  be  distinguished  by  the  name 
^hits*     Common  turpentine,  balsam  of  copaiva, 

pbably  aho  opobahamum,  belong  to  this  class« 

I  juices  arc  originaliy  limpid  and  transparent,  have 

bng  smell  and  taste,  and  gradually  acquire  con- 

tj  by  exposure  to  the  air,  probably  by  absorbing 

Kn* 

[Other  juices  obtained  by  excision  possess  at  first  Rern?. 

roperties  of  resins,  or  at  least  acquire  ihcm  before 
kjare  brought  into  this  country.  Such,  for  example^ 
ire  tacahamac  and  mastich,  and  most  of  the  resinous 
described   ia  Section  XXUK  of  the  preceding 

It'rr. 

I  Others  arc  entitled  to  the  name  oi  laham^  accord*   B»l«*«>» 


*  M'rbJ,  Am  ft.  Jc  Mut.  J*  hint.  A  J/,  No  jL  p,  174. 
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Taimiii. 


Sngu. 


Saline 
nutter. 


ing  to  the  strict  meaning  of  the  word ;  as  balsam  of  tofi 
of  Peru,  stjrax,  and  benzoin. 

6.  Some  peculiar  juices  are  composed  almost  eatjrelj 
of  tannin,  or  at  least  are  characterised  bj  containing  i 
superabundance  of  that  substance.  Such  probably  an 
the  juices  of  oak,  sumach,  and  of  most  vegetables  tha 
yield -abundance  of  the  tanning  principle.  In  somi 
cases,  it  would  seem  that  these  juices  exude  spontaoe 
ously ;  though  in  general  they  are  obtained  by  artificu 
means. 

7.  Some  vegetables  possess  juices  characterized  b; 
the  great  quantity  of  sugar  which  they  contain.  Sacb 
for  example,  as  the  sugar-cane,  the  carrot,  and  the  van 
ous  species  of  beet.  For  it  is  surely  more  reasonabl^t 
consider  the  saccharine  matter  in  these  plants  as  bt 
longing  to  the  peculiar  juices  than  as  confined  to  d 
sap. 

8.  Finally,  the  peculiar  juices  of  some  plants  » 
characterized  by  containing  a  considerable  proportioDC 
saline  matter.  Thus  the  various  species  of  sorrel  oon 
tain  a  notable  quantity  of  superoxalate  of  potash,  so 
several  of  the  sedums  malate  of  lime.  In  short,  til 
peculiar  juices  of  plants  are  nearly  as  numerous  asti 
vegetable  principles  themselves  ;  and  when  the  fang 
algsc,  lichens,  and  several  other  of  the  numerous  infi 
rior  tribes  of  vegetables  have  been  once  examined, 
cannot  be  doubted  that  tlie  number  will  greatly  ii 
crease. 

Braconnot  has  lately  examined  the  juices  of  a  numb 
of  plants,  in  order  to  ascertain  the  peculiar  acids  wbic 


LiAK  jmcts. 

Th«  following  IS  a  short  nb^ti^act  of 
U  which  he  obtiined  •. 

Xpresacd  juice  of  the  acomtmn  lyeortomifn  cva- 
b  dryness  and  incmeratcd  leaves  about  0*01  of 
fc  of  potash*  This  juice  coatains  a  considerable 
>n  of  citric  acid,  partly  combmed  with  potash 
J  with  lime.  Perhaps  also  malic  and  acetic 
present  in  the  juice  of  this  plant, 
lice  of  the  dilphinium  clatum,  the  ranuncului 
,  the  tbalictrumjlavum^  the  ^Umatis  recta  and 
likewise  contains  a  quantity  of  citric  acid  like 
rfing  juice, 

lice  of  the  salvia  sclarta  contains  benzoic  acid 
combined  with  potash* 

lice  of  the  ruta  graveoleru  contains  malic  acid 
1  with  potash  and  with  lime. 
\\cc  of  the  iupatorium  cannabinum  contains  an 
rh  appears  to  be   the  malic  mixed  with  some 
ii 

Met;  of  the  iticQtiana  ruitica  and  tahacum  con* 
ic  acid  combined  with  potash  and  lime. 
UCC  of  the  mirahilis  jalafa  contains  nitric  acid^ 
acid,  malic  acid,  and  a  little  sulphuric  acid 
»mbined  with  potash* 

\inacia  oUracta  contains  oxalates  of  lime,  and 
k,  m^late  and  phosphate  of  potash. 
'op<£olum  majus  contains  phosphoric  acid,  nitric 
I  malic  acid  united  to  lime  and  to  potash, 
icinui  communis  contains  malic  acid  doubtless 
d  With  potash* 


Chap.  a. 


PAJIT8  or  FLAlTTt. 


The  Phytolacca  decandra  contains  ui  uncomiiMm  pa^ 
portion  of  potash,  aud  an  acid  which  poisesscs  the  pn^ 
perties  of  the  oxalic. 


SECT.  III. 


OF  THE  WOOD  AND  ROOTS. 


The  roots  of  a  great  variety  of  plants  are  emplojedif 
medicine  and  the  arts  ;  but  few  of  them  have  beeaW^ 
therto  subjected  to  chemical  ejcaminaiion.  The  nk 
stances  found  in  them  are  various  ;  and  indeed,  as  Ai 
peculiar  juices  of  the  roots  are  always  included  in  syc]^ 
examinations,  it  is  clear  that  almost  all  the  vegetaUf 
principles  will  be  found  in  them. 

The  process  usually  followed  in  examining  did^ 
substances,  is  first  to  separate  every  thing  soIuUe  i| 
•  cold  water,  then  to  boil  the  root  in  water.     Alcoholic 

applied  next ;  and  afterwards  different  acids  or  alkalicL 
according  to  the  nature  of  the  substances  suspected  (ft 
be  present.  The  roots  of  the  following  plants  hiv<t 
been  subjected  to  chemical  examination  : 

l^j^  Helleborus  hyemalis  Convolvulus  jalappa 

Brionia  alba  Gentiana  lutea 

Calaguala  Rheum  palmatum 

Ho-ang-lien  Rubia  tinctorum 

Cephaslis,  or  calicocca  Curcuma  longa 

ipecacuanha  Valeriana  offidoalis 


WOOD  AND  ROOTS, 


im 


>  hjimaiit.^-Thc^  root  of  this  plant  is  ttt-    ^  ClTtp>  It 


lowish  white  colour^  and  is  covered 
Mjck  skin*  At  first  h  has  no  taste  ;  but  in  a 
[DC  9  string  acridity  becomes  sensible  in  the 

»nd  throat.  Vanqucltn  has  laicl y  subjectf  d  it  to 
cal  examination,  chiefljr  in  order  to  ascertain  the 

tof  the  bitter  and  acrid   principle  which  it  con- 

This  principle   he  found  to  be  an  oiJ  of  a  pccu-  Tont^lnt* 

poi»onoui 
life,  possessing  properties  intermedial^  between   hH. 

d  and  volatile  oils*     He  obtained  it  by  digesting; 

in  alcohol*  and  then  distilling  off  the  alcohol  in 
bic-  The  oil  gradually  separated  and  concreted 
ing-  Its  taste  was  exiremely  acrid,  and  it  had  a 
sh  brown  colour.     When  dissolved  in  weak  al. 

precipitates  the  sulphates  of  iron  of  a  fine  pur* 
ki  colour,  which  becomes  green  by  means  of  al- 

This  oil  is  cxtrctiiely  poisonous,  and,  accord- 
VauqocUn,  exists  in  many  plants,   and  is  the 

their  poisonous  qualities, 
ti  the  root  is  digested  in  water,  and  I  he  liquid 
ihrotij^h  a  cloth*  it  is  obtained  opaque  and  milky^ 
dually  dcpostlcs  a  white  powder  which  possesses 
perties  of  starch*  The  liquid,  by  evaporation, 
t%  a  brownish  matter*  which  forms  successive 
5  on  the  surface.  This  subuance  possesses  the 
ties  of  extractive.  Besides  thei>c  substances* 
elin  detected  a  substance  analogous  to  gluten* 
mgar*  and  a  portion  of  woody  fibre  *, 
BrionM  alba^ — ^This  root  has  been  used  In  medi* 
and  was  known  to  contain  a  considerable  portion 


BHonii 


t  4ra*  //  ;ifu#.  d'Hht  im 
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Book  I v.^  of  Starch,  and  a  bitter  principle  soluble  in  wat 
alcohol.  Vauquelin  lately  examined  it.  By  c 
tion  in  water,  and  subsequent  pressure  in  a  line: 
the  starch  was  separated  and  obtained  in  a  state  < 
ty.  The  bitter  substance  was  soluble  both  in 
and  water,  and  appeared  to  possess  the  propc 

ConsticiN      pure  bitter  principle.     The  root  was  found  liki 

^^  contain  a  considerable  portion  of  gum ;  a  sii 

which  is  precipitated  by  infusion  of  galls,  and 
Vauquelin  denominates  vegeto-animal  mattei 
woody  fibre,  a  small  portion  of  sugar,  and  a  qua 
supermalate  of  lime  and  phosphate  of  lime  *• 

CtlagutU.  3.  Calaguaia  roo^.— This  is  a  root  brougl 
America  for  medicinal  purposes,  which  has  a 
considerable  celebrity  on  the  continent.  The  pli 
which  it  is  obtained  is  not  known  ;  but  from  ih 
vations  of  Vauquelin  is  supposed  to  be  a  sf 
polypodium.  It  has  a  brown  colour,  is  partlj 
ed  with  scales  like  the  roots  of  fern,  and  is  vc 
and  difGcult  to  reduce  to  powder.  Vauquelin, 
lately  subjected  it  to  analysis,  found  it  a  very  < 
substance,  and  separated  from  it  no  fewer  than 
lowing  substances : 


Conttitu- 
ents. 

Woody  fibre 
Gum 

Colouring  matter 
Malic  acid  ? 

Resin 

Sugar 
Starch 

Muriate  of  potash 

Lime 

Silica 

Alcohol  dissolves  the 

resin  and  sugar.  Bye 

•  Amm.  d€  hUu  d'Hut  Nai.  No.  xliij«  SS. 
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tlic  folttdogi  to  dryness,  and  treating  the  restdtie  with  wa*   ^**P*  '^- 

Xcff  the  ftigar  is  separated  and  the  resin  left.    This  rcsm 

has  a  reddish  brown  colotir^  and  a  bitter  and  acrid  taue. 

k^fiASolves  in  alkalies^  cooiiDunicatiEig  a  brown  colour 

PVl  a  bitter  taste,  and  is  again  separated  by  acids.  Vau* 

[  yieiig  suspects  that  this  principle  is  the  constituent  of 

l^k  root^   both  of  ibis  plant  and  of  the  other  filices 

^Bcb  possess  vermifuge  properties.     Water  dissolved 

P^gum  and  the  muriate  of  potash,  which  were  obtain* 

tihj  evaporation.      Diluted  nitric  acid  dissolved  the 

starch  and  the  colouring  matter,  and  let  fall  the  former 

tnixcd  with  four  times  its  bulk  of  alcohol.      The 

\y  fibre  remained,  which  when  incinerated  left  car« 

le  of  linie,  muriate  of  potash|  and  a  little  silica* 

the  decoction  reddened  vegetable  blues^  it  is  possible 

the  lime  was  in  combination  with  malic  acid  ^* 

.  4i  Ho»a»g»iiin. — This  is  a  bitter  tasted  root,  brought   Honinf- 

China,  and  used  on  the  conlincnt  as  a  medicine. 

been  slightly  examined  by  Bouillon  la  Grange* 

his  experiments,  it  seems  to  owe  its  properties 

to  the   bitter  principle,  of  which  it  contains  a 

erable  portion.      It  contains  also  a  resinous  mat* 

taken  up  by  alcohol  and  thrown  down  by  water. 

his  substance   when  dry   has  a  brown  colour,  melts 

when  heated,  and  burns,  emituog  an  aromatic  odour  f. 

5.  JjprfflTff^if.— This  is  the  root  of  a  plant  which 

\  spontaneously  in  Brazil^  and  probably  in  other 

of  South  America.      It  was  first  correctly  descri* 

nd  fignrtd  by  Dr  Brotero,  under  the  name  of  col* 


Ipecacuaa 


•  \r<uqudif}f  Ann,  it  Chim.  It*  ai* 


f  Ibid.  p.  40. 
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pookjv.  iuocca  ipecacuanha  *.  The  root  is  about  the  thici 
of  a  quill,  unequal  and  knotty,  and  varies  cooside 
in  its  colour.  When  pounded  it  forms  the  iia 
and  safest  emetic  in  the  whole  Materia  Medica.  Th 
probablj  emplojed  in  America  from  time  imroem> 
it  was  not  introduced  into  Europe  till  the  time  of  1 
XIV.  when  one  Grenier,  a  French  merchant,  bn 
iSolbs.  of  it  from  Spain  ;  with  which  trials  were  : 
at  the  Hotel  Dieu.  Helvetius  first  made  known  i) 
in  dysentery,  for  which  he  was  rewarded  by  I 
XIV.  with  L.  1000  sterling  +. 

fropmiet.  This  substance,  notwithstanding  its  important 
medicine,  has  not  hitherto  been  subjected  to  an  ace 
chemical  examination.  The  most  recent  ezperit 
are  those  of  Dr  Irvine,  who  gained  the  prize  o 
Herveyan  Society,  at  Edinburgh,  for  the  year  1 
From  his  experiments,  it  appears  to  contain  a  gut 
resinous  matter,  in  which  its  activity  chiefly  rei 
Probably,  also,  pure  resin  and  extractive  are  to  be  f 
in  it.  When  the  root  is  long  boiled  in  water,  its 
vity  is  destroyed.  When  distilled  along  with  w 
the  liquid  that  comes  over  is  inactive  ;  but  the  di 
tion  which  remains  in  the  alembic  acts  with  vid 
upon  the  system, 

Ji^Jip.  6.  Jalap. — This  very  active  cathartic  is  the  ro 

the  convolvulus  jalappa^  a  plant  which  is  a  nati^ 
Xalapa,  a  province  ot  New  Spain  %•  It  is  brongl 
Europe  in  thin  slices,  which  are  hard,  of  a  browi 
lour,  exhibiting  resinous  streaks  and  circles,  easilj 


♦  Linnean  Trans.  TJ.  137. 

I  Neumann's  (?^'#»».  p.  357. 

}  HcDce  the  term  T^tf/.    Nenmaon't  Cktm^  pu  351. 
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DfiffiffiaMe,  of  scarcely  anj  smell,  and  a  weak  acrid 
taste*  The  clicmical  nature  of  this  root  has  not  been 
_fliachexaintoed.     From  the  few  experiments  detailed 


Cli»p.  1 


^ft«T»ann>  it  appears  to  contain  a  resin,  to  which 


^Bicrivc  properties  are  ascribed,  and  likewise  a  por- 

^Bl  of  extractive  and  of  mucilaginoos  matter. 

^|.  Rhubarh, — This  is  the  root  of  the  rhium  palma*-   Rhubarlk>* 

fwr,  and  perhaps  also  of  some  other  species  of  rheum, 

tight  chicfij  from  the  northern   parts  of  China  by 

[way  of  Russia,  though  of  late  it  has  been  ciihiirated 

i  in  Britain .>      The  root  is  large,  of  an  oblong  or 

i&h   shape  ;  of  a  dark  brown  colour  externally, 

I  black  and  reddish  streaks  ;  internally  it  is  reddish 

btv,  and  when  fresh   contains  a  juice  of  the  same 

No  accurate  chemical  analysis  of  rhubarb  has 

been  made  ;  but  from  the  experiments  of  Neumann, 

ears  iliat  nearly  one  half  of  it  is  soluble  in  water, 

fthai  alcohol  scarcely  takes  up  any  thing  from  the 

iluc*      From  the  properties  of  the  watery  cattraet, 

nerated  by  that  laborious  chemist,  we  may  infer^ 

I  some  probability,  that  it  consists  chiefly  of  the  cx- 

Wve  and  bitter  principle,  and  that  it  contains  some 

ilin,     A  small  quantity  of  greenish  yellow  resinous 

Iter  seems  also  to  be  present  ^.      Scheele  separated 

the  root  about   \\\\  of  its  weight  of  oxalate  of 

f.     But  this  salt  Is  not  taken  up  by  water. 

Gmtian* — This  is  the  root  of  xht  gentiana  futea,  otmiaiL 

:h  grows  spontaneously  in  the  mountainous 
of  France,  Switzerland,  Hungary,  fitc.     It  is  said 


L  plant 


9  Ketimaiui*!  €hrm.  p.  360* 

f  CicU*i  Amnttii^  L  34.    Engl  Tnml 
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Book  IV.     to  have  been  named  after  Gentius,  a  king  of  UlTru^ 
who  is  supposed  to  have  first  discovered  its  virtuei. 
The  root  is  cxtcrnallj  brown  ;  internally  yellow,  with 
a  spongy  pith  in  the  middle.     Its  taste  is  intensely  hit- 
ter.   From  the  experiments  of  Neumann,  we  imay  coa*- 
elude  that  the  soluble  parts  of  it  consist  chiefly  of  bittec 
principle,  mucilaginous  matter,   resin,  and  extrncdve  • 
The  first  seems  to  be  the  most  copious  and  most  active 
iogredient,  and  the  one  to  which  it  owes  its  mcdidaal 
properties. 

Madder.  9.  Madder. — This  is  the  root  of  the  rulia  tinct^ 

rum,  a  plant  cultivated  in  Zealand,  gcc.  for  the  dyers. 
The  root  is  the  useful  part,  forming  one  of  the  most 
valuable  of  the  red  dyes.  It  is  about  the  thickness  of 
a  goose  quill,  somewhat  transparent,  of  a  reddish  co- 
lour,  and  a  strong  smell.  The  colouring  matter  of 
madder  is  the  only  part  of  this  root  that  is  valued.  Mr 
Watt  has  published  a  dissertation  on  it ;  to  which  we 
owe  almost  every  thing  that  we  know  retpectiag  its 
chemical  nature. 

Fropatlet.         I^  appears  that  there  are  two  distinct  colouring  flut- 
ters in  madder :  a  red,  which  is  extracted  readil/bj* 
cold  water  ;  and  abrown^  which  requires  a  boiling  beat 
to  separate  it  in  any  quantity.     Hence  the  reason  that 
dyers  are  cautious  not  to  raise  the  infusion  of  maddec 
to  a  boiling  temperature  till  towards  the  end  oftbeis 
process.      Both  of  these  colouring  matters  appear  Co 
possess  the  properties  of  extractive.     They  are  soluble 
in  water  and  alcohol ;  and  when  the  solution  is  evapc^- 
rated,  pellicles  successively  form  on  the  surface.    Tbc^^ 
gradually  subside,  and  form  a  reddish  brown  matte  "^ 
only  imperfectly  soluble  in  water.     When  alum  liqu < 


I  ?PT  fusion  of  madder,  a  deep  brownish     Ch^p^il. 

rcd  flakj  j.i_-,4-,,--ie  falls,  ancj  the  liquid  assumes  a 
brownisb  yellow  colour ;  and  alkaline  carbonates  and 
[ime  water  throw  down  a  blood  red  lake^  dilleriog  in 
:hc  shade  of  its  colour  according  to  ihe  proportion  of 
jduro  employed.  Acetate  of  lead  throws  down  a  brown- 
coloured  precipitate. 

K'hen  carbonate  of  magnesia  is  mixed  with  iafusion 
adder,  the  liquid  assumes  a  bright  blood-red  colour  y 
.ytd  bj  evaporation  an  extract  is  obiained*  which  rc;idilj 
^wolves  in  water^  and  when  spread  upon  papu-  be- 
^nes  yellow  iu  a  few  days,  if  e:spoi»ed  to  the  &un. 
^KWAter«  holding  a  little  alkali  in  solution,  forms  with 
jpadder  a  dark  browiush  red  solution  ^  but  if  tlie  water 
^fctnised  with  a  little  acid,  the  infusion  is  yellowish  ^» 
^"  From  the  late  obscrvatious  of  Merim^,  it  appears 
probable  that  a  third   colouring  matter  is  prtseiU  in 
inixider ;  that  it  is  more  soluble  than  the  red  ;  and  that 
it  may  be  separated  by  steeping  the  madder  a  certain 
^pe  in  water,  and  then  precipitating  the  solution  with 
^B  alkali.      After  this  a  much  finer  red  lake  may  be 
^wtained  from  madder  f  • 

^K.  JlO»  Turmeric* — This  is  the  root  of  the  curcuma  lo^g^^  TurmAnJ 

^V  plant  which  grows  in  the  £a$t  Indies.     It  has  a  fine 

jrellow  colour^  a  slight  smell,  and  an  aromalic  bitter 

lailc*    To  water  it  gives  its  own  yellow  colour,  and 

be  infusion  is  rendered   brown  by  alkalies.     To  alco- 

pi  it  gives  a  red  colour,  which  srains  hot  marble  of  a 

bk  colour  |.     The  constituents  of  this  root  arc  but 


♦  See  W»tt»  AiuL.  dt  Cbim*  !▼.  1O4- 

f  BcrthoUet,  Einm^t  it  VAti  dt  ta  Ttiniur*,  ii.  llOr 
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Bonk  IV. ^  impexfectlj  known.  From  the  experiments  of  Nen 
minn,  we  learn  that  it  contains  a  Httle  Tolatile  oil ;  tbt 
water  dissolves  nearly  one-third  of  the  root,  but  that 
rerj  small  portion  only  is  soluble  in  alcohol  **•  It  fom 
the  chief  ingredient  in  curry  pofwder. 
Valerbii.  It*  f^alerian. — Trommsdorf  has  examined  the  ro 

of  the  Valeriana  officinalis.  It  loses  three-fourths  of  i 
weight  by  drjing.  Distilled  with  water  it  yields 
volatile  oil,  very  liquid,  and  of  a  greenish  white  colon 
Its  odour  is  strong  and  camphoric ;  its  specific  gravit 
at  the  temperature  of  77*^,  is  0-9340  ;  its  taste  is  ari 
matic  and  camphoric  without  being  acrid.  When  e: 
poaed  to  the  light  it  becomes  yellowish.  Nitric  ac 
converts  it  into  a  resinous  substance,  or,  if  it  be  used  i 
a  sufficient  dose,  into  oxalic  acid.  The  expressed  jui( 
of  the  roots  of  this  plant  is  muddy,  and  has  a  stron 
odour.  It  lets  fall  a  portion  of  starch.  It  contains 
peculiar  substance  approaching  the  nature  of  extracdtt 
soluble  in  water,  but  insoluble  in  ether,  and  in  pure  s] 
cohol.  It  is  precipitated  from  water  by  the  salts  c 
lead,  silver,  mercury,  and  antimony.  This  juice  cm 
tains  also  a  portion  of  gum.  The  roots  deprived  of  th! 
juice  yield  a  portion  of  black  coloured  resin,  but  coi 
sist  chiefly  of  woody  fibre  f . 

Hflnera-  12.  Horse  radixb.^^EXishoS  has  lately  examined  t( 

root  of  this  vegetable,  and  found  that  its  acridity  is  cm 
ing  to  the  presence  of  a  small  quantity  of  volatile  d 
which  he  obtained  by  distilling  the  mashed  roots  in 
water  bath.  A  liquid  came  over  which  was  at  fir 
fnilky,  but  gradually  deposited  a  little  of  the  volati 


•  Lcwit,  Neumann'*  Chm.  p.  388.  f  An.  it  dw.  In.  9^ 


ion*     T\m  oil  had  a  pale  yellow  colour,  and 

tbe  cooiiitence  of  the  oil  of  caaeUa.     Its   odour  was 

thn  of  horse  mdisb  excessiveljr  strong.     Its  taste  was 

St  fint  si^^tish  ;   but  it  left  aa  acrid   impression,  and 

excited  inflammatioa  in  those  parts  of  the  tongue  and 

]ipft  to  which  it  was  applied.     It  is  heavier  than  water^ 

with  which  it  fornis  a  milky  liquid   by  agitation.     It 

dissolves  readily  in  alcohol.     It  is  volatilized  at  the 

(etnperature  of   60^.     The   liquid  obtained   from   the 

fOQtsof  the  horse  radish  by  distillation  yielded  traces  of 


Ch«p.  If- 


fifljf  other  roots  have  been  employed  either  in  me* 
'  or  the  arts  ;   but  as  they  have  not  yet  been  sub- 
jected  to  chemical  analysis,  I  think  it  unnecessary  to 
lumcrate  theoa  here.     For  the  same  reason,  out  of  the 

I  number  of  woods  known  and  employed  in  the  arts^ 
llhall  mention  ouJy  the  following : 

il.  Logwoods — Fhis  is  the  wood  of  the  hamatoxylon  Lo^ood. 
mfichianum^  a  low  prickly  tree,  which  grows  abun- 
ntly  about  Campeachy,  on  the  bay  of  Honduras.  It 
fiomes  to  Europe  m  large  logs,  cleared  from  the  bark, 
lod  is  very  hard,  compact,  heavy,  and  of  a  red  colour* 
It  \ii%  a  sweetish  astringent  taste,  but  no  perceptible 
smcl}^  It  is  very  much  used  by  dyers,  especially  in 
djttng  black,  to  which  indeed  it  15  in  some  degree  es* 
lOIUal.  For  the  facts  known  respecting  its  properties, 
»<  arc  chiefly  indebted  to  Dr  Lewis  f.  Several  of  its 
constituents  have  lateljr  been  ascertained  by  Chevrcul  J, 

IxTgwood  gives  out  its  colouring  matter  both  to  wa-    Pii>«-u^ 
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Book IV.    ter  and  alcohol;  bat  to  neither  with  much  i 

The  liquors  assume  a  fine  red  colour  with  a  a 

purple.     The  infusion  becomes  gradually  deep 

at  last  almost  black.     To  cloth,  previously  bi 

alum  and  tartar,  it  gives  a  very  beautiful,  but 

able  violet  colour.     Alkalies  deepen  the  coloui 

infusion  ;  acids  change  it  to  yellow.     With  su 

nitric,  muriatic,  4nd  acetic  acids,'  slight  reddish 

precipitates  fall.     Alum  throws  down  a  copiou 

precipitate.     Sulphate  of  iron  strikes  a  dark 

black  like  ink,  and  throws  down  slowly  a  pre 

of  the  Same  colour.     Sulphate  of  copper  throu 

a  copious  brownish  black  precipitate,  and  ac 

lead  an  equally  copious  reddish  black  precipita 

muriate  of  tin  throws  down  instantly  a  copious 

lake,  while  the  liquid  becomes  transparent  and 

less  *•     Chevreul  has  shown  that  this  wood  coi 

volatile  oil,  tannin,  a  yellow  colouring  matter,  8 

late  of  lime  and  of  potash  f  • 

BraiU  2.  Brazil  wood — This  is  the  wood  of  the  ca 

wood.  ,  , 

crista,  a  tree  which  grows  in  Brazil,  and  like 

other  countries,  where  it  is  cultivated  for  th 

The  tree  is  very  large,  and  the  wood  very  h; 

very  heavy.     Its  colour  is  at  first  whitish,  bui 

comes  red  by  exposure  to  the  air.     Water  in  \ 

is  boiled  acquires  a  fine  red  colour ;  while  the  v 

self,  by  repeated  decoctions,  becomes  black.     A 

ter  has  ceased  to  act,  alkaline  leys  still  deprive 

considerable  quantity  of  colouring  matter.      4 


♦  Berthollct,  Element  de  PArt  d.-  ij  'Teififur't  "*•  2  A  A' 
t  Anfi,  de  Cblm,  Ixvi.  254. 
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{Itewtse  tales  up  the  colouring  matter  of  Braxtt  wooct, 
^;<ld  acqtiif ei  a  deeper  colour  than  water. 

From  the  decoction  In  water,  sulphuric  and  muriatic. 
Ileitis  throw  down  a  scanty  red  precipitate,  whiJc  th©| 
iqaid  becomes  yellow*     An  additional  dose  of  acid  re«^ 
^ictres  the  red  colour  again.     Nitric  acid  changes  it  ta  j 
yellow,  and  then  to  orange.     Oxalic  acid  throws  dowa 
an  orange   red  precipitate.     The  alkalies  change  the^ 
colour  to  purple,  and  throw  down  a  scanty  precipitate,  | 
Alum  precipitates  slowly  a  copious  reddish  lake,  and] 
ffitiriate  of  tin  an  abundant  rose-coloured  powder,  whilii] 
the  liquid  becomes  nearly  colourless*     Sulphate  of  troziJ 
||toikes  a  bkck  with  a  tint  of  violet,  and  ifirows  down 
^Hccipitate  of  the  same  colour.    Acetate  of  lead  throws 
^BPn  a  fine  dark  red  precipitate  ^.     An  elaborate  set 
of  experiments  on  Brazil  wood  has  lately  been  publish- 
ed bj  Chevreul.     The  following  are  the  results  which 
he  obtained ; 
^■The  decoction   of  yellow   Brazil  wood   is  yellow. 
^nien  di billed  it  yield*^  water  containing  a  portion  of 
pVltic  actd,  and  a  volatile  oil  having  the  odour  and  taste 
,  of  pepper.     As  the  liquid  is  concentrated  by  cvapora- 
^b,  a  viscid  matter  is  perceptible,  of  a  brown  colour, 
^rbich  is  a  compound  of  tannin  and  the  colouring  mat- 
ter.   The  liquid  retains   a  portion  of  the   same  sub- 
I    lisacts*     It  contains  also  traces  of  ammonia,  and  of 
lime  probably  combined  with  acetic  acid.     Chevreul 
latpects  also  the  presence  of  sugar  and  of  gallic  acid  ; 
both  of  which  he  detected  in  the  extract  of  Brazil  wood 
rf  commerce.     All  his  attempts  to  separate  the  colour- 


t  EeraM»llct,  Mlemtfu  dt  t*Att  di  h  Ttrntmn,  u.  aa^. 
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,  ^"^  '^'  ing  matter  from  tannin,  and  obtain  it  In  a  sepa 
failed.  The  acids  change  it  from  yellow  to  i 
infusions  containing  it.  Alkalies  and  alkal 
make  it  pass  to  violet.  Alumina  strikes  a 
deutoxide  of  tin  a  violet,  and  peroxide  of  tin 
lour.  Several  neutral  salts,  as  sulphate  of  i 
when  added  in  considerable  quantity,  change  i 
to  red.  Sulphureted  hydrogen  gas  combine 
and  destroys  the  colour  ;  but  it  appears  agaii 
sulphureted  hydrogen  is  separated.  It  has  i 
affinity  for  alkalies  than  litmus;  and  accoi 
renders  litmus  paper  red,  by  depriving  it  of 
with  which  it  is  in  combination  *. 

Red  mm-  3*  Rid  saunden. — This  is  the  wood  of  the 

pus  soHtalinus^  a  large  tree  which  grows  on  I 
mandel  coast,  and  in  other  parts  of  India.     1 
is  at  first  light  red,  but  becomes  very  dark  by 
to  the  air.     It  is  very  compact  and  ponderous 
DO.smell,  and  very  little  taste.     This  wood 
used  for  colouring  drugs,  and  has  not  yet  beer 
ea  to  chemical  examination.     The  colouring 
'of  a*  resinous  nature,  and  probably  similar  t 
dragon's  blood.     It  is  taken  up  by  alcohol,  b 
water.     The  alcoholic  tincture  is  a  fine  red, 
comes   yellow  when  diluted  with   a  large  qi 
spirits  f.     By  this  property  of  yielding  no 
matter  to  water,  we  can  easily  distinguish  red 
from  Brazil  wood ;  a  distinction  first  pointed  c 
Lewis  t- 
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P^mtit* — This  is  the  wood  of  the  momi  tinctoria^ 
large  wte  which  grow* in  the  West  India  islands*  It 
^^sedia  dyeing  ytllow,  and  Js  very  rich  !n  colouring 
^Bter.  It  \\  neither  very  hard  nor  heavy  ;  its  colour 
H^elJow  wiUi  orange  veins.  It  gives  a  deep  orange 
olour  to  water*  The  decoction  gives  »  prectpitnte 
fitli  gliie»  but  still  retains  its  colour.  Acids  throw 
n  a  Uight  greenish  yejlow  precipitate^  which  is  re- 
ived by  alkalies.  These  give  the  decoction  a  dark 
colour^  and  gradually  separate  a  yellowish  matter* 
in  throws  down  a  scanty  yellow  precipitate  ;  suU 
of  iron,  a  precipitate  at  first  yellow,  but  wliich 
mt%  brown  j  sulphate  of  copper,  a  yellowiih  brown 
ipttate  ;  acetate  of  lead,  an  orange  yellow  preclpi- 
J  arid  nnuriate  wf  tin,  a  very  copious  fine  yellow 
ipiiatc  •. 

•  Sumachs — This  is  the  shoots  of  the  rhus  coriatia,  Sumach. 

which  grows  in  the  countries  bordering  on  the 

It*     They  arc  cut  down  yearly,  dried,  and  ground 

mill*     Like  the  preceding  substances,  it  is  used  in 

ing,  and  chitfly  as  a  mordant,  on  account  of  the  tan- 

which  it  coniaios.     It  gives   to  water  a  greenish 

w  colour,  which  soon  becomes  brown  by  exposure 

ic  air^     It  has  not  yet  been  subjected  to  a  regular 

ical  analysis.     The  tannin  appears  to  be  the  prin* 

Im^redient;  aud,  according  to  Proust,  it  differs  in 

[properties  from  the  tannin  contained  in  other  plants* 

iholdi  published  a  set  of  experiments  on  tlie  decoc- 

of  this  plant.     According  to  him,  it  contains  a 

variety  of  saline  tnaiters  i  nitrate  of  potash^  tnu* 
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^^«^^^'  riate  of  soda,  sulphate  of  lime,  gallate  of  magnetii,  at* 
booate  of  lime,  &c.  But  these  experiaiehts  stnd  is 
need  of  repetitiou  *• 


SECT.  VI. 


OF      B  AftX  S. 


Bark.  JLke  bark  is  the  outermost  part  of  vegetables.  It 

covers  the  whole  plant  from  the  extremity  of  the  nwu 
to  the  extremity  of  the  branches.     It  h  usoallj  of  t 
green  colour :  if  a  branch  of  a  tree  be  cut  acrosi^  fte 
bark  is  easrljr  distinguished  from  the  rest  of  the  brsadi 
Combtiof    bf  this  colour.    If  we  inspect  such  a  horiiouM  md- 
tkree  wb-     ^^^^  ^i(||  «ttentioo,  we  shall  perceive  that  the  bark  it- 
self is  coxtipoaed  of  three  distinct  bodies,  whieh,  widi  s 
little  care,  majr  be  separated  from  each  other.    The 
outermost  of  these  bodies  is  called  the  epidermtf  die 
middlemost  is  called  the  parenchyma^  and  the  inair- 
most,   or  that  next  the  wood,  is  called  the  c^tAmI 
layers. 
I.  Epida-         The  epidermis  is  a  thin  transparent  membrane,  winch 
"^  covers  all  the  outside  of  the  bark.     It  is  prettj  tott^. 

When  inspected  with  a  microscope,  it  appears  to  be 
composed  of  a  number  of  slender  fibres  crossing  e8c^ 
other,  and  forming  a  kind  of  net-work.     It  seems  eiJec 
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f0  con'iiit  of  dfflTercut  thin  retifornl  raetnBrSlei^adhe-  Chap.  IT.  ^ 
rrtig  doidy  together.  This,  at  kase,  is  the  case  with 
fic  cpuJermis  of  the  birch»  which  Mr  Duhamel  separa- 
cd  bto  Kfx  layers.  The  epidermis,  when  rubbed  off, 
is  reprodticed.  In  old  tree!)  it  cracks  and  decays^  and 
cKW  epidemiei  are  successively  formed.  This  is  the 
resign  tliat  the  trunks  of  many  old  trees  have  a  rough 
surface* 

Tht  partmthpma  lies  immediatclj  belowr  the  epider*  *^  The  pi- 
fttii ;  tt  u  of  a  deep  green  colatar,  vtirj  tender,  and  suc- 
cnlctiU  When  viewed  with  a  lAicroscope,  it  seems  to 
be  composed  of  fibres  which  cross  each  other  in  every 
dsrectioi),  like  the  fibres  which  compose  a  hat.  Both  in 
it  and  the  epidermis  there  are  numberless  interstices, 
which  have  been  compared  to  so  many  small  bladders. 

The  cortka/ Idycri  form  the  innermost  part  of  the  ^'-T^*  ^°^" 
birfc,  or  that  which  is  next  to  the  wood.  They  con- 
ti$t  of  several  thin  membranes,  lying  the  one  above  rhe 
0ther  I  and  their  number  appears  to  increase  with  the 
tp  of  the  plant.  Each  of  these  layer>  U  composed  ot 
IttLfitudina.!  fibre?,  which  separate  and  approach  each 
ilternately,  so  as  to  form  a  kind  of  network, 
*  u^  ixiethes  of  this  network  correspond  in  each  of  the 
httrs ;  and  they  become  smaller  and  smaller  in  every 
bjTtf  as  it  approaches  the  wood.  These  meshes  arc 
Sited  with  a  green  coloured  ceUular  substance,  which 
ibcen  compared  by  anatomists  to  a  number  of  blad. 
adhering  together,  and  communicating  with  each 

Foniwiuj  supposes  that  the  epidermis  is  the  same  in   Nature  iff 
ttimtur^m  all  trees,  and  that  it  possesses  constantly 
<be  properties  of  subcr  ;   but  this  opinion  is  not  likely 
t»btvtti6cd.     The  cortical  layers   seem,  at  lea%t  in 
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Book  IV.    many  cases,  to  have  a  similar  fibrous  basis;  a  bnif 
possessing  essentiallj  the  properties  of  flaXy  which  it 
itself  merely  the  cortical  layers  of  the  iiiutm  utitatiuim 
•     mim.     The  matter  of  the  parenchyma,  and  the  juices 
which  exist  in   barks,  vary  extremely,  and  probablj 
occasion  most  of  the  differences  between  them.    Some, 
as  oak  bark,  are  character! au:d  by  their  astriogencj, 
and  contain  tannin  ;  others,  as  cinnamon,  are  aromatic, 
and  contain  an  essential  oil ;  others  are  bitter,  at  Jesuits 
bark ;  some  are  chiefly  mucilaginous,  others  resiooav 
&c.     But  in  the  present  state  of  the  subject»  an  enup 
meration  of  the  different  kinds  of  barks  is  not  to  he 
expected.     I  shall  therefore,  as  in  the  preceding  Sec* 
tions,  satisfy  myself  with  detailing  the  properties  of 
those  baiks  that  have  been  subjected  to  cxaminatioo. 
The  following  are  the  most  remarkable  of  these : 
Oumqulna         j .  Bart  of  the  cinchona  Jloribunda,  or  quinquim  ^ 
miiigo.         St  Domingo. — This  bark  has  been  analysed  with  gteit 
address   by  Fourcroy.     His  analysis  still  constitnta 
one  of  the  completest  which  has  hitherto  been  madecn 
any  of  the  substances  belonging  to  the  vegetabk  king- 
dom. 

This  bark  is  in  rolkd  pieces,  six  or  seven  inchea 
long,  and  three  or  four  lines  in  thickness.  Its  ooloar 
is  greyish  green  externally,  but  within  it  exhibits  dif- 
ferent shades  of  green,  purple,  white,  brown,  &c.  Its 
taste  Is  bitter  and  disagreeable  \  its  odour  strong  and 
unpleasant. 

It  gives  out  nearly  half  its  weight  to  water,  provi* 
ded  it  be  boiled  in  a  sufficient  quantity  of  that  liqnitf. 
The  residue  possesses  the  properties  of  woodj,£brr. 
When  burnt  it  leaves  a  coal,  which  contains  the foljb|;i 
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saliiif*e6n5tittteTits*     The  quantitiet  are  those  oh- 
led  from  a  pounds  or  9^  10  grains  of  (he  b,irk. 
Caibonsite  of  potash  .«.,.•••.•«.  10  gmns 

Salphate  of  potash... ,12 

Muriate  of  potash.*. ••.•.*• 3S 

Phosphate  cf  lime «,»«*.*«*20 

Carbonate  of  lime«*,.*..«»..*,420 

Silica  •.♦..♦♦^•.•.. •*.*.•». 4 

be  decoction  of  the  bark  has  a  reddidit  brown  co- 
ir, and  an  citremcly  bincr  taste.     It  deposites  on 
bling  a  blackish  substance,  soft  and  tenacious,  whic^ 
i  not  dissolve  in  cold  water,  though  it  fs  sohible  m 
I  water  and  in  alcohol.     More  of  tliis  substance  prc- 
^tates  as  the  liquor  is  evaporated.     When  the  inspis- 
sated juice,  freed  from  this  prccijHtate,  is  mixed  with 
Hieohol^  a  quantity  of  gummy  matter  separates.     Wlien 
He  black  matter  which    precipitates  as  the  decoction 
iBoli  is  treated  wfth  liot  alcohol,  the  greatest  part  o<f  it 
!8 dissolved;  but  a  fine  red  powder  remains  nuxtd  with 
mucilage,   which   is  easily  separated   by   watci. 
tn  the  fttcoholic  solution  is  exposed   ro  the  air^  it 
oiites  light  yellowish  crystah  of  a  saline  nature. 
|fbcn  mixed  with  water,  white  flakes  are  thrown  down, 
hich  possess  the  properties  of  gluten  ;  but  the  greatest 
pm  ttfoaiDS  10  solution.     Thus  the  soluble  part  of  the 
birk  may  be  separated  into  five  distinct  substances  j 
Otmely,  gtrm,  gluten^  a  rtd pcxvdtr^  a  faUnc  matter^  and 
^h^vfniib  hitter  snbitance^   retained  in  solution  by  the 
iluied  ilcoboK     Tlie  last  is  by  far  jhe  most  abundant, 
|o  it   the  peculiar  qualities  of  the  decoction  of  this 
.  are  to  be  ascribed.     The  following  are  the  qtian- 
obtained  by  Fourcray  from    9216  grains  of  the 
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Einhy  re- 
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Matter  6i> 
Uble. 
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Gum' SWgnhm 

Gluten 84 

Red  powder IM 

Saline  crystalft*f  •  •  •  •     79 
Brownish  matter  •  •  .4070 

Tottl     5024 

propcrtiai  The  gnmmj  matter  and  gluten  possessQd  ^aj  aearlj 
iht  properties  of  these  iubslaoces,  m  doscribed  in  tbe 
last  Chapter  of  this  work.  The  red  powder  ia  inaolo* 
ble  in  water  and  alcohol^  bnt  dtsiolTes  readjljr  in  attuh 
ties.  When  distilled  it  yields  mvch  oil  wtd  ammsaii 
and  little  watert  According  to  Foorcroyy  it  is^JvMr- 
$ive  saturated  with  oxygen.  Tbe  nature  of  the  ssliae 
matter  was  not  determined  in  a  satis£sctof]f  maaaff. 
The  brownish  matter  which  remained  disaoLf^  is  ike 
diluted  alcohol,  being  bj  far  the  most  abundant  sad 
important  ingredient,  was  eaamined  with  particala^csKf 
From  the  experiments  of  Fourcrojr,  it  appears  to  ^ 
proach  nearest  to  extractht  in  its  properties. 

Its  colour  is  reddish  brown,  and  its  taate  very  J 
When  dry  it  appears  black,  is  very  brittle,  and  I 
with  a  vitreous  fracture.  It  is  insoluble  in  «oId  < 
but  dissolves  very  readily  in  that  liquid  wdMH 
prectpiuting,  however,  in  part,4s  the  w«tflr-ooQla« 
if  one  part  of  it  be  dissolved  in  24  parts  of  hot ' 
no  portion  of  it  precipiutes.  If  lime  waiar  be  diop^ 
into  this  solution,  it  throws  down  a  aeddiah  jwnJiB". 
redissolved  by-  the  addition  of  a  snfficieot  qoaMity<9^ 
water.  Muriatic  acid  precipitates  nothing  froaa  Ahi.' 
solution.  The  brown  matter  dissolves  veadBy  :iD  alc^ 
hoi,  if  it  be  previously  reduced  to  powder.  Wb^ 
distilled  it  gives  out  carbonic  acid  and  inflammable  aK 
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Wtti  impi^gnatcd  with  pyromucous  add^  ^d  a  qutn-  ^  ^W^ 
lily  of  oil*  The  ^vatcrj  pinion  contains  Ixkcwise  am- 
moDsa*  The  chanrjr  residue  is  very  bulk  j,  ten  times 
f^  miKli  fo  as  Uie  originsl  maiter. 
W^f/Uca  oxjimitiatic  acid  gas  is  passed  through  I  his 
^Bpicti^  subfUnce  diisolvcd  in  Winter,  it  becomes  im> 
H^^telj  reddish^  and  then  a  precipitate  of  the  same 
fsalotir  grmdQillj  fistb.  This  prqcipitatc  pos^sses  ex- 
^dj  the  pfopcities  of  the  rtd pcwdtr  obtained  fronslhg 
j|MDCltop  pf  the  bark  ;  a  proof  vhat  this  red  povider  U 
^Bdy  ihc  brov'o  extractive  altered  in  its  properties  by 
^Kpb^orption  of  oxygeQ.  If  ihc  current  of  oxymuri* 
lift  pk$  be  coiUintied^  the  >^hoie  Uquor  gradually  loses 
Lka^oiwr,  and  (he  precipitate  alM>  becomes  a  pale  ycl* 
^B^  If  it  be  separated  in  this  state  by  filtration^  it 
^Knies  the  appear aoce  of  gamboge.  Alcohol  dissolves 
H^%ut  not  a  mixture  of  alcohol  and  water  ** 

:|.  Bari  ^f  cimhuna  officinalis* — This  tree  grows  Ppuvtaa 
ID  Quito  ;  it  is  confined  to  the  high  grounds,  and  when  ^^ 
itript  of  its  bark  soon  dies.  There  are  three  different 
kirMis  of  he^k  to  be  found  in  commerce^  but  whetlier 
ttiey  be  ail  obtained  from  the  same  trees  is  not  known  ; 
the  contrary  is  probable.  The  following  are  the  most 
remarkable  of  the!^  varieties. 

B^  Peruvian  A«r<,— This  bark  is  usually  in  Urge   t.  Red, 

|ftCoes»  and  ts  redocible  Jto  powder  with  more  ease  than 

I   Ihi  preceding.     Its  powder  ibceddish  brown^  and  has  a 

ifigbtly  hitter  taste,  with  a  good  deal  of  astringency. 

We  att  indebted  to  Fouceroy  likewi^  for  the  analyiis 

;    tif  this  bark. 
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Boot  TV.         Water  in  which  the  powdered  bsrk  is  nmcented,  we^ 
quires  the  property  of  reddening  vegetsble  blnet|tnd 
contains  a  portion  oF  atric  acid,  some  mariate  •£  «n- 
monia,  and  muriate  of  lime.     When  570  puts  of  the        ^ 
bark  are  boiled  repeatedly  in  water  till' that  liquid       ^ 
ceases  to  have  any  action  on  it,  the  watet  aC^uires  a     .^ 
reddish  orange  colour,  and  when  evaporated  to  dfyncs^^^ 
leaves  a  residue  which  amounts  to  38  parts.     This  con.^^^ 
tains  a  small  portion  of  the  acid  and  salts  just  mention .«^ 
ed,   biSt  consists  chiefly  of  a  matter  which  'jposscssg.*^ 
nearly  the  properties  of  extractive      When  the  Teli«       J 
dual  bark  is  treated  with  a  sufficient  qiiantitjr  Of  alco. 
hol|  that  liquid  takes  up  24  parts  of  a  substance  which 
has  a  red  colour,  and  appears  intermediate  between  re. 
sin  and  extractive.     Tlie  residue  of  the  bark  posseises 
the  pru^-ertits  of  woody  fibre.      When  borht  it  leavei 
twelve  parts  of  a  grey  ash,  consisting  of 

Carbonate  of  potash  •, x*£^ 

Muriate  of  pocash^ 0*ti    . 

Sulphate  of  potash 0*5. 

Carbonate  of  lime 9*0 

12*0 

Such  is  the  ri^sult  of  Fourcroy *s  analysis  *•  Sobaev 
qaent  experiments  have  detected  a  portion  of  resin  and 
of  bitter  principle.  The  presence  of  tannio  in  small 
quantity  was  indicated  by  the  property  which  the  de- 
portion  showed  of  striking  ft  black  with  sulphate  o£ 
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Thi  titter  principle  seems  to  belong  to  Ihe  sc-  Chap,  n. 
iet»  or  that  ivhicK  was  first  observed  in  coffee. 
Peruvian  hark, — This  species  of  bark,  first  ^  Ydlow. 
tit  iafo  use  in  this  country  about  the  year  1T90« 
jfet  beefi  subjected  to  a  rigorous  analysis  ;  but 
IsftUients  do  oot  appear,  from  the  trials  which  have 
y  to  diCcr  much  from  those  of  the  red  species*^ 
^schtmpe  hat  published  a  method  of  extrtctin; 
it  a  considerable  quanttiy  of  an  undescrtbed  sail 
ase  of  lime,  which  Vsuquetin  has  !ihown  to  be 
of  Itrne^  It  is  white,  and  crystallizes  in  platen. 
process  coosists  in  macerating  the  bark  in  a  suffi- 
{uantity  of  cold  water,  m  concentrating  the  liquid«^ 
tting  it  aside  to  spontaneous  evaporation.  Tbe 
Is  gradually  separate,  and  are  ptinfied  by  repeat - 
mliiaMtions*  Ihe  quantity  procttred  amouDts 
\l  ieirert  pant  for  every  hundred  of  bark   em* 

Peruvian  hark. — This  is  the  common  variety  3.  Pi|c. 
bark.  It  has  not  yet  been  subjected  to  a  correct 
ral  analysts.  Its  taste  is  astringent  and  bitter,  and^ 
^disagreeable.  It  is  supposed  to  cootaifi  bitter 
>le,  tannin,  extractive,  and  resin.  Besides  these,  it 
hs  a  principle  first  pointed  out  by  Seguiu,  and 
torbich  Dr  Duncan  junior  published  some  expc« 
It  i«  distinguished  by  the  property  of  pte-^ 
ing  infusfon  of  ^alls  ;  but  as  this  property  is 
ion  to  a  coniiidcrdble  number  of  substances,  it  is 
iffidcnt  alone  to  characterixc  it. 
Bark  o/cimbona  Carrih^a. — This  bark  was  first 
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\  Nicholson's  hut,  viu  I16. 
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made  known  by  Dr  Wright^  who  publisbcd  t  bpt^iuCil 
descriptioD  of  the  tree,  with  m  figure,  in  the  PiiiloiK^phU 
cat  Transacilnns  *  ;  and  an  account  of  th«  medicipil 
properties  of  the  bade  in  the  London  Mcdicml  IoqcmI 
^or  1787  f  *  A  descrif^tion  of  a  tree  to  which  the  laoie 
name  is  given,  together  witli  a  chemical  analyaii  of  ibe 
bark,  w^  published  in  the  Journal  de  Physique  ibr 
17^0 1  by  M.  Varasaeur  ;  but  it  is  not  quite  cettaio 
Ibat  the  plants  are  the  same. 

•^4>  Vanqoclin  has  lat^y  examined  all  the  different ipc* 
dies  of  cinchonn^  or  Peruvian  bsrk,  which  he  could  pfo« 
cure,  in  order  to  determine,  if  pos»iUe«  bow  far  the/ 
differ  from  each  other,  and  what  the  constituent^  sre 
that  act  as  febrifuge  §, 

They  may  be  divided  rnio  three  sett : 

I.  The  tofuaioQs  of  the  iirst  set  precipitate  tbr  infik 
sion  of  nmgallsi  bttt  not  that  of  glue* 

IK  The  infusions  of  the  second  set  precipitate  ^lu(, 
but  not  tbe  tnfusious  of  nutgalb. 

Ill*  The  infusions  of  the  third  set  precipitate  atoocib 
glue,  nutgalls,  and  tartar  emetic. 

The  following  Table  exhibits  the  e^cts  of  th'  ri  ' 
fcrent  reagents  upon  all  the  barks  tried.  As  Vaui,  ^ 
has  not  given  the  botanical  name  in  «U  oaseSp  it  is  dif- 
ficult, notwithitanding  hts  descriptions^  to  aicertain  the 
real  names  of  (he  diHerent  species  tried*  (ndc«l«  thertt 
is  reason  to  believe  that  the  same  species  occur  m  dif- 
ferent parts  of  the  Table  txndei  diAerent  names ; 


•  VoLIivu.|^|04* 

t  Vol  ssxvil.  p»  S41 


f  Vol  viiL  p.  ^f . 
^Jf'M*  it  tXm.  lis.  1 1 ; 


^ 

MWt. 

f%9 

■ 

Pretipiut*  Precipitate 

Oiu»|*f 

CH^ 

by  glue*    b}'  laiinin. 

unv<mctic* 

*» TT*?^ 

'dlowkark ..• 

While 

Copious 

tiifiqoiat  of  Su  F^ 

Reddish  Copiooi 

0 

rcf  quinquina...... 

White     ditto 

White 

ttipc  tn  0  ;i  ?ris  caaelli 

-  Brown         0 

V 

1        - 

.     Red          0 

Yellowiab  white 

fty  quioqtiiaa 

.  While  ydiow 

ditt# 

« 

oinquina  gris  plate. 

.        0 

0 

linchona  pubcfccDs..      c>       Yeilgw  Y^llowi^b  whit^ 
IlinchonaolEcinalts*.      v         dilio  o 

i  magnifolia  Copious     0  0 

i  pittoti  vrai      0        Copious         Copious 

Barit  brought  from  Ptru  hy  HumhoUt* 

Rquioa  of  Loxa.,. Copious  Copious  Copious 
)  Qtiin.  white  of  Sta  Fe     0                O  o 

\  {^D«  jellow  of  S.  Fc     n        Copious  Copious 
(Jpiti.  f«l  of  Sta  Fe.i  Copious        0  ^ 

g.  jellow  of  Cucn^a      0  0  0 

^fia»  ordinary. «  Copious  Copious  Copious 


of  nutgalls,*  Copious 
Oik  bark. ...«....•....•     ditto 
.U«e  bark.**..*  o 


Ycljiovv  wkitc 
a 

0 


^^^^e  barks  strike  a  green  with  troo^  and  most  ^ 
pHtm  precipitate  it  of  that  colour^ 

The  substance  in  these  barks  which  precipitates  it  an- 

mn  Has  a  brown  colour  and  a  bitter  taste  ;  it  is  Icn  to- 

bble  in  water  than  in  alcohol.     It  precipitates  tartar 

iiC|  but  pot  glue.     It  has  some  resemblance  in  its 
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Book  TV.    properties  to  the  resins,  though  it  gives  out  tmmooia 
'  when  distilled. 

Ootoo.  5.  Bart  of  croton  eleutheria* — This  btrk   coosti- 

tutes  the  eleutheria  and  caacarilla  of  the  shops.     It  it 

usually  in  rolled  pieces,  and  has  iom^  resemblance  tt 

Peruvian  bark.     It  has  an  aromatic  smelli  and  an  s» 

greeable  bitter  taste.     When  buint  it  emits  an  aromb 

tic  odour  resembling  th'at  of  musk.     For  the  onlj  cbe. 

mical  analysis  of  this  bark  hitherto  published,  we  ire 

indebted  to  Professor  Trommsdorf;  4606  parts  of  it 

yielded  him  the  loUowing  products  *. 

•  *'■ 
Mucilage  and  bitter  principle  864  parts 

Resin  •.•••••••..•••••..•••••••.•  688 

Volatile  oil i% 

Water ••     48 

Woody  fibres 30^4 

Total  4696 
White  wil-       ^'  Bark  of  the  wbiti  wiNou)  (saiix  a0a).— Tbebirk 
lo«r«  of  this  tret,  which  is  common  enough  in  Scotland,  is 

remarkable  for  its  astringent  taste,  and  has  been  often 
used  in  tntermittents  by  the  common  people.  Ithn 
lately  been  proposed  by  Bouilloni  la  Grange  as  an  c]^ 
cellent  substitute  for  Peruvian  bark  ;  being  compoidi 
according  to  him,  of  the  very  same  constituents  to  whidi 
that  bark  owes  its  medicinal  virtues.  A  very  super- 
ficial examination,  however,  may  satisfy  any  one,  tfait 
the  properties  of  the  two  are  very  far  from  similar. 
The  decoction  of  this  bark  has  a  dark  reddish  ca» 


.    iM*^  ^^»la  *ijd  |/^''4 
^  Ann,  </r  Cbim^  l 
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cording  to  Bouillon  k  Graoge,  when  re» 

Ciions  arc  m^de  with  the  same   poriion  of 

II  i%  al^/skjt deepen  coloured.    It  is  precipU 

Intly  bj  glue,  carbonate  of  potash,  and  car* 

^'amnvonia.     Lime* water  throws  down  a  pre«> 

Rst  blue,  and  afterwards  buff- coloured.  SuU 
ihrowsdown  a  vcrj  dark  green  precipitate* 
rates  ^hlte  flakei.  When  evaporated  to 
iddtsh  brittle  substance  remains,  which  has 
UstCy  and  does  not  attract  moisture  from 
l^osphcre. 

fi  alcohol  is  digested  over  this  bark,  it  aci^uirei 
tsh  jellow  colour.  The  tincture  is  rendered 
[by  water.  When  evaporated^  it  leaves  a  briU 
^llow  aubstancc  of  a  very  bitter  taste,  which 
It  a  moderate  beat|  and  emits  an  aromatic  o« 


|B  experiments  indicate  the  presence  of  tannin, 
ainciple,  extractive^  and  gluten,  in  this  bark* 
imLo/' ^ucrcuj  ;7i^ra.— This  tree,  to  which  the 
Wfffrdtrofi  has  been  given,  gnows  spontaneously 
h  America.  Dr  Bancroft  discovered,  about  thq 
^4»  that  the  inner  bark  of  this  tree  contains  a 
lantily  of  colouring  matter  ;  and  since  that  time, 
ten  very  generally  used  by  the  dyers.  To  pre* 
or  them,  the  epidermis  (which  contains  a  brown 

tier)  is  shaved  off,  and  then  the  bark  is 
in.  '  It  separates  partly  into  stringy  fila- 

artly  into  a  line  light  powder* 
bark  readily  gives  out  iu  colouring  mat- 


Qucrdtrob 


tn 
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tef  td  wtlcf  beafed  to  the  tempcntuHB  of  lOO*,    At 
ihat  bttt  wjicer  dit^olves  ab«»ut  ^th  of  tl%t  iHrrk  e«i« 
fAoytd,    The  irtfusinn  hit  a  yellcrMriftH  brcywtt  cdosr^ 
»nft  i§  feiMfered  lighter  bj  acrd^t^  iod  darker  bf  lUkaljet^ 
Ali»it  occistofii  t  9C^nty  precipitate  of  a  deep  jrHIaw 
eetoir  i  tnurime  of  tin  s  coplout  bd^ht  yellow  preo* 
pitaie;  sulphite  of  iron  a  dark   ofire  precipitate;  and 
aulphftte  of  copper  a  precipttate  of  a  jrellow  coloor,  in. 
dirttrig  to  oHve  *.     From  these  experiftienta  it  U  ab* 
^tou$»  that  the  colouring  matter  of  (his  bark  ia  a  apedet 
of  extractive.      The  other  ingredients  have  not  been 
examined. 

8*  Sdri  of  the  tzs  cuius  hipfiacastanum-^Tht  bark  ©f 
thU  ifee^  which  forms  so  fine  an  ornament  tn  parks  md 
iyettttet ^  bat  lately  been  proposed  in  Paris  as  a  rtmtif 
in  intermittent!,  and  a  set  of  observations  on  ft  hsve 
Veen  published  by  Mr  Henry  f*  Water  or  moderately 
stmtig  spirits  are  the  best  solvents  of  it.  Strong  sJco* 
hoi  dissolves  but  Uttte.  The  watery  infusion  liai  a 
fiwn  colour  and  a  bitter  taite,  without  astringency.  It 
is  precipitated  abundantly  by  gelatine^  and  sparingly  bjr 
acids.  It  precipitates  iron  green.  With  nitratfc  of 
mercury  it  forms  a  copious  precipitate.  Tlie  tnfustoa 
of  nutgalls  and  tartar  emt-tic  produce  no  effect  upon  ttt 
From  the&e  properties  it  is  obvious  thai  it  diifers  entire* 
ly  in  its  constituents  from  the  different  species  of  da* 
chona;  ctainined  by  Vauqucliti. 

g.  ^i5ft«^^^.— This  is  the  inner  bark  of  the  toMrttf 


i»$ 


,  a  tree  wbtdt  gtawt  chicfljr  in  Ceylon , 
it  If  cultivated  for  the  bark, 
bflik  has  a  reddish  brown  colour^  and  consists 
fofled  pieces  which  breaks  into  splinters.  It 
Tf  pleasant  iromatk  smell,  and  a  pungent  bttt 
Ic  taste.  Its  propcrtiei  are  owing  entirety  to 
oU  which  it  contains.  This  oil  may  be 
by  iufosing  the  Bark  in  alcohol,  and  theti 
tfae  alcohol  from  the  oil  by  di  stillation .  It  has 
[ow  colour,  and  an  ettretnely  pungent  taste 
Hell.  The  quantity  yielded  by  cinnamon  is  very 
From  i6  ounces  of  bark,  Neumann  obtained 
o  scruples  and  a  half  of  oil.  When  water  is  dis- 
iff  this  bark,  it  comes  over  milky,  from  the  ac» 
ying  oil,  which  it  retains  with  great  obstinacy  ^ 
iltic  separating  till  the  mixture  has  stood  a  very 
raWe  time*. 


ChipkIL 


SECT.  V. 


at  i.EAVes. 


sves  of  plants  bear  a  greater  resemblance   to 
tother  than  any  of  the  parts  already  treated  of. 
fate  coveitd  only  with  an  epidermis ;  the  cortical 
I  of  the  bark  being  wanting.      BeloW  the  epider- 


•  i^tmamu'tCBmutryt.  p.  401  ► 
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mn  is  a  pulpy  matter,  usually  greeo,.  which  coattins  £k 
resinous  matter  and  a  poriion  of  gluteua      Bdow  thl  -^ 
is  the  fibrous  matter,  or  rather  the  vessels  which  farther:! 
the  outline  -of  the  leaf*    Alcohol  extracts  the  green  eo^  ^ 
louring  matter  of  leaves,  and  so  do  oils  but  not  wate^r^ . 
It  ia  remarkable,  that  even  those  leaves  which  are  n^^^ 
green  still  give  a  green  tincture  to  alcohol.    The  gte^c, 
colour  soon  fades  when  exposed  to  air,  either  in  9o\\^ 
tion,  or  separated  by  evaporation  *•   Many  leaves^Te 
a. yellow  colour  to  cloth,  which  may  be  fixed  by  meaDi 
of  alum.     Hence  the  mucli  greater  number  of  yelW 
dyes  than  of  any  other  colour.     The  leaves  of  woad 
(reseda  luteola)  are  those  which  give  the  finest  jel< 
low,  and  they  are  much  employed  by  the  dyers  on  that 
account. 

No  extensive  series  of  chemical  experiments  hsviog 
hitherto  been  made  upon  leaves  in  general,  I  must  sa- 
tisfy myself  with  noticing  the  few  specimens  which 
have  been  examined  by  cliemists.  The  following  are 
the  most  remarkable  of  these. 

1.  5^iMa.— This  drug,  much  used  in  medicine  si  I 
mild  purgative,  is  composed  of  the  leaves  of  cassia  ifs- 
na,  a  small  slirub  which  grows  chiefly  in  Egypt,  from 
which  country  it  is  imported  into  Europe.  It  hss  bees 
chemically  examined  by  Bouillon  la  Grange. 

The  leaves  are  lanceolite,  of  a  yellowish  greeo  co« 
lour,  an  aromatic  ^d  somewhat  disagreeable  odosr, 
and  a  bitter  taste.  Steeped  in  \yater,  senna  communi- 
cates to  that  liquid  its  peculiar  smell  and  taste,  and  a 
reddish' brown  colour.      The  strong  mineral  acids,  os- 


*  Lewis,  Neumann*  Clemhfrjyp,  434. 
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he  alkaHne  carbonatct^  throw  down  a   ^  Chap.  U.^ 
late  ^  sodo  barytcs  water^and  the  nitrates  of  mcr- 
IftTf  and  iead.     The  infusion  of  gaJJs  strikes  a 

\h  buflfcolour^  and  throws  down  a  slight  prcca* 
Alcohol  throws  down  a  precipitsite^  which,  if 

ve   Bouillon  h  Grange^  is  composed  of  about 

a  of  carbonate  of  lime  and  one  part  of  siiica^* 
^oal  liquor  contains  extractive^  with  some  salts, 

ases  are  potash  and  magnesia « 

a  the  infusion  is  exposed  to  the  air^  a  substance 

Ites  from  it*     A  precipitate  is  obtained  also  by 

iatic  acid.     This  precipitate  is  of  a  lemoo  yvl* 
our,  insoluble  in  wateri  has  a  bitter  taste,  dis. 

I  alcohol  and  alkalies^  atid,  in  short,  possesses 

acters  of  resin. 

^Iftief  matter  t«iken  up  from  senna  by  water  is  a 
extractive,  which  is  convertcrd  into  a  species 

by  the  absorption  of  oxygen  ;  to  this  substance 
klities  of  senna  are  owing.    If  we  believe  BouiJ- 

vrangc,  its  activitjr  depends  upon  its  absorbing 

indrrd  pnrt^  of  water  boiled  on  senna  are  suffi- 
deptive  it  of  all  the  soluble  matter  which  watef^ 
»le  of  extracting*  Alkali  separates  from  the  re-i^ 
portion  of  matter  similar  to  the  extractive,  al* 
y  exposure  to  the  air.  The  leaves  arc  now  greeny 
e  out  a  green  matter  to  alcohoK      T^is  sub- 


npl  (Ifflfly  und«t>tiiid  thit  part  u(  the  ajiajjrsii.     The  prcci-< 
itcd  ta  be  ptrtly  lolubk  in  wjter  nud  akofioi,  and  jct  to  h% 
by  fttcohoL    IhcK  rhjtractrr*  «re!y  dp  not  apply  to  orboaiw 
nika. 
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Doek  IV.  ^   stance  is  insoluble  in  water  and  alkaliet,  and  is  nhitea 

ed  by  oxymuriatic  acid,  and  rendered  leas  soluUe  in 

alcohol.  These  properties  indicate  t  peculiar  substaace. 

244*0  parts  of  senna  yield  to  these  different  meostnu 

70  6  parts,  or  rather  more  than  44  of  aoluUe  matter. 

When  the  watery  infusion  of  senna  is  evaporated  to 

dryness,  and  the  residue  burnt,  it  yields  potash,  sbU 

phate  of  potash,  carbonate  of  lime,  mmgneaia,  aad  ti. 

lica  *. 

Worm-  2.  fTenstvooi/— This  is  the  leaves,  and  likewise  the 

wood*  * 

Stalks  and  flower-tops  of  the  artemisia  ^synihim^  a 

plant  which   grows  wild  in   many  parts  of  Britaia. 

Wormwood  has  a  strong  smell,  rather  disagreeable,  aod 

an  intensely  bitter  taste.     Its  smell  is  owing  to  a  vobk 

tile  oil  which  it  contains.    It  contains,  besides,  a  com'* 

derable  portion  of  bitter  principle.    No  late  naljsitrf 

worm woodHias  been  made.     The  last  iatfiat  ofKmSi 

moller  f,   who  obtained,  by  water,  from  1£  psrti  of 

wormwood,  the  following  products : 

Resin o*48 

Muriate  of  potash  .  •  0*12 
Vegetable  acid  .  .  .  0*50 
Ditto  combined  with  potash  2*14 

3-24 

The  residue,  after  the  action  of  water,  being  bnnt,  kit 
an  ash,  which,  from  12  ounces  of  wormwood,  cootunei  ' 
the  following  substances : 


*  Ann.  de  Clia,  zzvL  J.  f  IM.  fL  lf« 
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Muriate  of  poUsli 

,      S  grain* 

Sulphate  of  potash 

.     1 

Ciirbouate  of  lime 

.  59 

Atumiiis      •     .     . 

.     5 

Sulphute  of  lime    . 

-     5 

Silica       .      »      *      . 

*      4 

Qxide  of  iron    .     . 

.    a 

Chap.^. 


Tobacco. — Tjiis  substance   is   formed    from    the   ToUcco. 
ives  of  the  mcotiana  tahacum^  a  plant  which  is  a  na- 

Kof  Virginia,  where  it  is  cuhivaled  very  txtensivcl/ 
the  purposes  of  commerce.     lis  name  was  given  it 
d  Tikbiico,  a  province  of  Mexico,  where  it  was  first 
:rved,  and  whence  It  was  originally  brought  to  Eu- 
'    fope  •. 

Tobacco,  when  properly  cured,  has  a  yellowish  green 

colour,  a  strong,  and   rather  unpleasant  smcH^  and  a 

y  acrid  taste.     When  burnt  it  emits  a  strong  odour, 

ich  to  many  is  peculiarly  grateful .     Wheri  swallow* 

it  acts  very  violently  upon  the  system  ;  and  when 

en  in  sufficient  quantity,  proves  fafal.    No  exact  che- 

lical  analysis  of  tobacco  has  been   published  \  though 

eral  of  its  constituents  have  been  ascertained. 

Wbeo  distil  ted,  it  yields  an  otl  of  a  very  acrid  and 

iIsonoQs  nature  f.     To  this  oil,  which   has  a  green 

colour,  the  peculiar  properties  of  tobacco  are  at  present 

ascribed*      When  long  boiled,  lob.icco  loses  much  of 

Kls  virulence,  owing  probably  lo  the  dtsslpaiton  of  the 

[oS,  aad  the  decoction  acts  merely  as  a  mild  aperient* 


•  ffor  «  detitled  account  nf  the  culture  and  management  of  tobacco, 
iTith&iti'i  £my  on  it*  culture  atid  coniaicice,pubUslicd  m  tSco. 
f  KeaouiiQ*!  Ckem,  p.  556* 
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Book'fV.    When  distilled  with  water  or  alcoho),  no  oil  wbitefer 
is  obtained. 

When  the  juice  of  tobacco  is  evaporated  to  drpen, 
It  leaves  a  reddish  matter,  of  an  acrid  taste,  which  gives 
no  colour  to  alcohol.  Muriate  of  potash  it  present  in  it 
in  considerable  quantity  *•  Besides  these  aabstances, 
tobacco  appears  to  contain  «  portion  of  bitter  principle^ 
some  extractive,  and  a  quantity  of  muctlaginoua  matter, 
▲fpvigiii^  4:  Asparagus. — ^Tbis  plant  has  *been  lately  analysed 
by  Robiquet.  I  place  the  result  hare  rather  than  soj 
where  else,  because  the  whole  plant  was  employed,  sod 
the  leaves  constitute  the  principal  part  of  it. 

M.  Robiquet  reduced  the  asparagus  to  the  state  of  a 
pulp,  and  separated  its  juice  by  expression.  A  fecu- 
loos  matter  was  separated  from  this  juice  by  filtration. 
Boiling  alcohol  dissolved  a  portion  of  this  fecola,  snd 
left  matter  which  possessed  the  properties  of  gloten. 
As  the  alcohol  cooled,  a  portion  of  wax  precipitsted. 
The  alcohol,  by  evaporation,  left  a  green  acrid  matter, 
intermediate  in  its  properties  between  resin  and  vola- 
tile oil. 

The  filtered  juice  had  the  appearance  of  whey,  and 
reddened  the  infusion  of  litmus.  When  heated  it  de« 
posited  flakes,  which  were  considered  by  Robiqoet  m^ 
albumen.  When  left  for  a  long  time  to  evaporate  in 
the  open  air,  a  quantity  of  asparagin  and  of  saccbarii&c 
matter,  having  the  appearance  of  manna,  separated  mi 
crystals.  The  juice  was  inspissated,  and  treated  wi.^ 
alcohol.  A  portion  dissolved  ;  the  residue  was  3L\\ 
solved  in  water. 

The  alcoholic  solution,  when  treated  with  suljph;]^:^! 


•  Bou'Uon  La  Graoge ,  Jwr,  it  FJkjt,  xaiii.  193. 


"^tstilkcl^  yielded  vinegar.  When  this  s^lu- 
tioQ  was  evaporated  to  dr3ncs5  and  burnt,  the  ashes 
consisred  of  (>otash,  carbonate  of  lime,  and  {phosphate 
tJ  potash  and  of  l^me.      Hence  it  was  probable  that 

t;  acetic  acid  was  combined  with  potash  and  lime. 
Tlte  waler^r  solution  reddened  vegtt^ble  blues.    Tie 
iti^oaof  iiulgalls  throws  down  a  precipitate  from  ihls 
•»)liition*      The   residue  contains  a  peculMr  extractive 
^patter  and  a  colouring  matter  i  and  doubtless,  also,  as* 
Ipiragin  and  ^^ugar. 

Sudi  h  the  result  of  Robiqnet^s  very  ingenicus  and 
meetesting  analysis  of  this  uibsiance  ". 

5*  y//ori*.^This  is  the  inspisjatcd  jnice  of  the  leaves 
of  i  v^fieiy  of  the  ^loe p^rfoliataf  a  plant  which  grows 
in  Socotora^  an  island  in  the  Kast  Indies,     Aloes  ha^  a 
^gprsinoiis  appearance,  a  reddislt  yellow  colour,  a  bitter 
^piste,  and  an  aromatic  smelU     It  has  been  recently  ex- 
sfbitied  by  Braconnot^  who  found  it  composed  chiefly  ef 
a  peculiar  matter  similar  to  thai  dett'cled  by  Vaequtliu 
in  many  febrifuge  barks,  and  \o  which  Broconnot  pro- 
poses to  give  the  name  of  rainous,  biitcr  principled, 
Trommsdorf,  on  tiie other  hand,  and  Bouillon  La  Grange 
1^^*^^  Vogel,  consider  it  as  composed  of  resin  and  a  pecu- 
^pKar  extractive  matter!*     Fa broni  has  discovered,   that 
the  recent  juice  of  the  leaves  of  the  aloe  has  the  properly 
af  absorbing  oxygen,  and  of  assuming  a  fine  reddish 
pur{»U,  and  of  yielding  a  pigment  which  he  ^rrrongly 
recommends  to  the  painter  ^. 

6.  Aifvfa  btUmdonna^  deadly  night  shade.    The  leaves 
of  this  plant  have  been  lately  examined  by  Mclandr' 


Al«i. 


*  i^.  dw  Clim,  \r^  151. 
%  Ibid*  p.  It.  and  tss* 


t  Ibid.  I'vivi.  1 8. 
}  Ihirf-  \xv^  jor. 


•   mtfitesift  Wftli'f 

:ractiTe«  mud  i  suliatmiier^ 
ilTBciive,  no  doiilN  1 

44e4T  esimiiicd  by  B<Miillofi  La  ( 
r  m  cdHUlii  •  ediislderilile  qc 
n^  of  fnaltc  sicJd  t. 
/.  The  kivti  of  tlfcit 
mm  mAjtt^  to  antljrm  by  Che 
jwcr»  scpaniffd  bj  fifmtinD  IfOlll^ 
wttfh  wbieb  H  was  mixrd. 
I  o  bfne  powder,  which  pos^i^cd  Uic  propcf* 
Wlica  betted^  f»lifie  floeks  sqianld^ 
iM  duubt  of  ^/jMfO.  Whrfi  dtsitlM.  ifet  li< 
UM  ctmo  oret  yielded  trvces  of  ji  ^ektiih  m/»  «i 
M^  Md  of  j»j^.  When  dmilied  with  i«k 
ctiit  d^  b^oid  thit  cime  orer  cootBiiicd  Arrltl 
fnk  pwrnBrnr  otmL  Evmpofiiled  to  dfyiM^  moA  di« 
^m  ilcobol,  it  yielded  to  ihfti  liquid  ft  ql 

[  in  tbe  UtI  Cl»p«er  of  this  Work* 
I  eotslkd  C}/' /od^  by  ibr nsme  of  jr'fnvi 
h  yfeMra  wtw^  s  y^low  cok^tnrd  ^xtf^tffTt^ 

ilMr  mfpttiait,  mmrmtt  vff^im^  md  pore  otffl 
ibc  ftiidot  tlivi  depftred  of  tile  SBbttfld^^ 
r  in  oloM  consisted  of  gwm,  jMm?  frfrmimf^ 


^  Jm.mi 


.hM- 


&c  gieen  fecala  being  examinedt  was  found  to  consul     Chip.iL 
grreea  coloured  KPtin,  vhix^  indigo,  gluten^  and  woody 
rt.    The  dry  matter  of  the  leaves,  from  which  the 
ce  had  been  expressed,  yielded  woody  Jibrt,  gretu    . 
in,  wax,  indigo,  nitre,  a  red  coloured  matter,  maiaie  ^f 
te,  and  traces  of  some  other  salts  *.  f 

9"  The  leaves  of  the  indigojira  anil,  examined  by  the 
cne  chemist,  yielded  the  same  products  with  the  iaatis, 
jt  the  quantity  of  indigo  obtained  was  much  greater  f. 
10.  Besides  the  leaves  enumerated  in  this  Section, 
lany  others  are  employed  in  medicine,,  especially  on 
be  continent,  where  the  Materia  Medica  includes  a 
noch  greater  variety  of  articles  than  in  Britain. , 


SECT.  VI. 


OF    FLOWERS. 


;  flowers  of  vegetables,  on  account  of  the  great  va- 

ind  beauty  of  their  colour,  attracted  at  an  early 

'  the  attention  of  dyers  and  painters  ;  but,  upon 

few  have  been  found  capable  of  yielding  service- 

laterials  for  either  of  these  artists.      The  blue    31^,^  £q^. 

d  flowers,   in   general,  readily  give  out  their  "•• 

to  water  ;  though  there  are  some  from  which 


t  dt  CInm,  Ixvlii.  aS4.  f  Ibid.  p.  305. 
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ii$  PARTS  or  FLAKTi. 

>ook!V«  witer  glint  onlj  a  reddish  or  parplish  hae.  Sowxty 
any  give  a  blue  colour  to  aleoho):  aonse  gm  tred 
colour  to  thtt  liquid,  and  some  no  colour  wbatrrer*. 
The  expressed  juice  of  most  of  these  flowers  is  Use. 
This  colour  is  changed  into  red  bj  all  acids,  and  hto 
gr^sn  bj  all  alkalies  and  alkaline  earths. 

The  nature  of  the  colouring  matter  of  these  flowers 
is  still  unknown.  But  whatever  it  be,  it  is  of  a  ver^ 
perishable  nature ;  for  the  flowers  cannot  be  dried  with. 
out  losing  their  colour  almost  entirety.  The  moren. 
pidlj  they  are  dried,  and  the  more  completely  the  tlr 
is  excluded,  the  more  of  their  colour  they  retain  ;  bat 
even  after  that,  they  mostly  lose  it  altogether,  and  be- 
come white  or  yellow.  The  expressed  juice  gradusUy 
becomes  purple,  and  soon  fades  altogether.  £veQ 
when  reddened  by  acids,  these  juices  soon  beoome 
purple,  and  at  last  colourless.  The  green  coloar  in. 
'  duced  by  alkalies  gradually  changes  to  a  yellow,  which 
has  some  permanence  f. 
Ecd.  The  colour  of  the  red  flowers,  in  general,  is  scareelj 

more  permanent  than  the  blue.      They  all  giveooti 
red  colour  to  water.     The  pale  red  and  purple  iomm    1 
scarcely  tinge  alcohol ;  resembling  in  this  respect  the 
blue  flowers,  to  which  indeed,  in  point  of  colottriag 
matter,  tbcy  seem  to  approach  very  nearly.  Theflowcr% 
which  have  a  full  red  colour,  give  a  deep  red  tinctorelo 
alcohol ;  the  paJe  red  are  tinged  green  by  alkalies,  and 
their  red  heightened  by  acids,  like  the  blue  flower^*, 
liut  this  is  not  the  case  with  the  full  red  flowers  t* 


*  Lewi*.  Neaaunn*!  Clem.  p.  430.  f  Lewji,  Ibid.  p.  43  u 

I  Lewis,  UmcL 


rtow£is« 
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*thi  tblont  of  the  yellow  flowers^  whether  pale  or  Cha|i.jL 
ep,  ii  tnucli  more  durable.  They;  in  gerrtral,  dry  yaioir^ 
ttj  weJjf  and  give  out  thtir  colouring  tnnttrr  both  to 
water  and  alcohol.  When  Wool  or  &ilk  it  previously 
impregnated  with  atum  and  lartar^  it  receives  a  durable 
yellowr  colour  when  btjiled  with  jcUow  flowcrt.  Some 
of  theoiy  indeed,  appear  to  be  used  by  dyers  for  this 
IMirpoaie.  Neither  adds  nor  nlkalies  destroy  the  yel- 
low coloitf  ot  Bowers^  though  both  alter  its  shade  ;  the 
acids  fvodering  it  paler,  and  the  alkalies  deeper.  Alutsi 
likewise  heightens  the  colour,  though  not  so  much  as 
kWkalica*. 

^B^ren  white  flon'ers  are  by  no  means  destitute  of  co» 
^Iniruig  matter.  Many  of  them  ttrike  a  green  with  al- 
kiliesy  though  acids  do  not  turn  them  red.  Some  of 
I  cbem  seem  to  cootatn  the  same  colouring  matter  as  yel- 
t  few  flowers.  Thus  the  petals  of  the  convoivului  jf- 
^naup  though  white,  give  a  deep  yellow  or  orange 
ar  to  water»  which  is  rendered  paler  by  acids,  and 
Ittigbtened  by  alkalies  ami  alum.  The  vapours  of  suU 
burous  acid  do  not  alter  white  flowers,  though  they 
eslToy  the  colour  of  all  others +. 

For  these    curious   observations  on   the   colours   of 

lowers,  we  are  indebted  to  Dr  Lewis.      Most  of  them 

^^ontatn  a  peculiar  volatile  oil,  to  which  they  owe  their 

Their  other  constituents  remain  sttU  unknown, 

^ei few  of  them  have   been   subjected  to  chemical  ana- 

Ijlis*    The  following  are  the   species  which  have  hi- 

ibmo  attracted  the  attention  of  cliemists  or  artists  : 

1«  Fhwtri   of  the  carthamus    tinctorit/f, — ^Thts    is  r^*t.  -^^ 


P  Uwit,  HcUHJinn**  Ctfm,  p.  41'» 
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Bocfciv.    in  annual  plant,  cnltivated  chieflj  in  Egypt  far  the 
tike  of  the  flowers.     The  petals  aro  oripnally  oC  a 
fine  red,  bat  lose  moch  of  their  colour  on  diying.    It 
is  from  this  substance  that  the  rougi^  or  ted  pigment 
employed  by  the  ladies,  is  extracted*   When  the  lowers 
have  come  to  maturity,  they  are  pulled,  their  juice  es» 
pressed,  the  residue  washed  repeatedly  with- salt  wsttr, 
and  exposed  upon  mats  to  dry.     Care  is  taken  to  com 
them  from  the  action  of  the  sun  during  the  day,  and  It 
expose  them  to  the  action  of  the  evening  dewSyin  oricr 
to  prevent  them  from  drying  too  fast;      in  this  sitte 
they  are  brought  1o  Europe  under  the  name  of  imfflmmt^ 
and  the  colouring  matter  is  extracted  from  them  by  dif- 
ferent artists.     The  process  has  been  kept  secret. 

Beckmann  published  a  very  elaborate  set  of  eqie« 
riments  on  the  flowers  of  the  carthamus,  in  1714  *•  liu 
tie  addition  was  made  to  our  knowledge  of  this  sak 
atance  after  that  period,  till  1804,  when  Dnfionr  pok 
Hshed  an  excellent  analysis  of  it  f ;  and  his  observatioas 
have  been  since  confirmed  by  those  of  Marchais  $•  . 
Analjsif.  The  flowers  of  the  carthamus  contain  two  colouring 

matters  :  a  yellow,  which  is  soluble  in  water,  and  fais 
hitherto  been  applied  to  no  use  ;  and  a  red,  which  if 
employed  by  the  dyers,  &c.  and  which  constitutes  tka 
pigment  called  rougi.  The  yellow  colouring  matter 
dissolves  readily  in  water ;  but  it  is  very  difiicalthf 
that  means  to  separate  the  whole  of  it.  The  method 
followed  by  Dufour  was  to  put  the  carthamus  ins 
linen  cloth,  and  knead  it  continually  between  the  fin- 
gers, while  a  streamlet  of  water  dropt  npoa  it.    By 


*  In  the  GottimgeH  TrjnsacHcHi  (or  that  year. 

t  Anm,  ic  Chim,  xlviii.  aSj.  •  |  Un^  L  7J* 
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lifif  this  process  and  then  stccptnf^  it  in  wnter^ 

•d  m  fbe  red  coluur.     The  liquid  whkh  paucd, 

ttfr  HI  vexed  to  separate  some  |iortion  of  the  car- 

and  some  impurities  with  which  it  was  cnixed| 

llow  colour*      When  heated  to  about  I45?,  a 

of  tUkc%  formed  in   it,  consisting  of  albumen, 

of  glolen.      Tncsc  were  separated  by  iiltra* 

itic  hqatd  evaporated  to  dryness.      The  ex- 

btalned  had  a  yellow   cotour  and  a  strong  taste, 

<finolved   the   whole  of  this  extract,  except  a 

4jf  brown  malieri  which  possesses  the  propertiea 

,     The  watery  solution  gives  a  red  colour  to 

ie  blues,  and  is  precipitated  abundantly  by  in. 

►f  gsllSy  but   not  by  glue.      Oxy muriatic  acid 

^  the  yellow  colour,  and  renders  it  white*   When 

red  to  dryness,  And  treated  with  alcohol,  a  per- 

solves,  and  a  portion  remains  undissolved*    Thr 

lie  portion  ischtcfly  extractive  ;  the  insoluble  yel- 

turitig  matter* 

I  the  reiidual  earth  am  us  is  digested  for  a  soffi-* 
ne  in  akoho),  that  liquid  assumes  a  brick  red 
When  this  alcoholic  solution  is  sufficiently 
rated  by  evaporation,  a  matter  separates  in 
which  has  the  appearance  of  honey,  and  pos* 
ropertics  Analogous  to  those  of  wax.  Scarcely 
bdring  matter  could  be  procured  from  the  alco* 
ilotion* 

mr,  after  various  unsuccessful  attempts  to  ob- 
'  ltd  colotif  iTig  matter  of  earth amus  in  a  sepa- 
itf,  at  last  succeeded  by  the  following  process, 
)d  OTi  the  strong  attraction  between  the  red  matter 
(ton.  Hiving  deprived  the  carthamus  as  much 
iWc  of  its  yellow  colouring  matter,  by  means  of 
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'•ok  IV.  \Tatery  he  macerated  it  for  an  hour  in  a  weak  nlittitt 
of  carbonate  of  soda.  He  then  decanted  off  thiaaoki 
tton,  put  into  it  a  quantity  of  cotton,  and  then  df^f 
into  it  lemon  jatce,  till  the  liquid  acquired  a  fine  cherr 
ved  colour.  After  standing  24  hours,  the  liquid  fan 
its  red  colour,  the  whole  colouring  matter  hatiiig 
united  with  the  cotton  and  dyed  it  red.  The  ceitoa 
was  taken  out,  and  washed  repeatedly  in  water,  lo  k. 
parate  any  of  the  yellow  colouring  matter  which  mighl 
bare  adhered.  It  was  then  put  into  a  vtrj  dilated  io« 
Jution  of  carbonate  of  soda.  This  alkali  separated  tbe 
colouring  matter  from  the  cotton,  dissolved  it,  and  ss* 
sumed  a  yellow  colour.  The  cotton  being  removed 
and  lemon  juice  dropt  into  the  solution,  a  fine  rosfr 
colour  powder  gradually  separated,  and  at  last  prccipi< 
^ted.     This  was  the  red  colouring  matter. 

From  this  process,  we  see  that  the  red  colouring  mtl 
ier  has  a  stronger  attraction  for  cotton  than  the  yeUow 
and  that  by  means  of  cotton  the  two  pigments  may  b 
separated.  We  see,  too,  that  it  is  soluble  in  alkaliii 
carbonates,  but  precipitated  by  acids.  The  alkalies  dii 
solve  it  also  but  alter  its  nature.  The  solution  of  it  i 
the  alkaline  carbonates  is  yellow.  It  is  insoluUe  a 
water.  Alcohol  dissolves  it  readily,  andassumesafia 
rose  red  colour.  When  this  tincture  is  heated,  itaa 
sumes  a  shade  of  orange.  It  dissolves  likewise  iatp 
ther,  but  not  well.  The  oils,  both  fixed  and  volad^if 
have  no  action  on  it.  When  (listilled  it  yields  f|ij 
Iktle  water,  scarcely  any  gases,  a  little  oil,  and  a  fsii 
tion  of  charcoal  equal  to  f  d  of  its  original  wei|li| 
When  this  charcoal  is  burnt,  no  sensible  portion  of  aitNi 
remains  beliind.  From  these  properties,  for  which,! 
ivell  as  for  almost  all  the  other  facts  respecting  canhi 
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look  IV.  a  precipitate  with  glue,  and  docs  not  alter  the  idatioo 
of  tartar  emetic.  With  sulphate  of  iron  it  ttrikei  a 
deep  green,  which  passes  into  black  on  drying;  The 
snineral  acids  occasion  brown  precipitatcsp  bat  the  al- 
kaline carbonates  produce  no  change  in  it  *. 

When  the  flowers  are  macerated  in  alcohol,  the  li. 
quid  acquires  a  yellow  colour.  It  reddens  vegetable 
blues,  strikes  a  green  with  sulphate  of  iron,  and  be- 
comes milky  when  mixed  with  water.  Wbea  this 
tincture  is  distilled,  the  alcohol  which  comes  OTcr  has  a 
bitter  taste,  but  does  not  alter  vegetable  bloes ;  while 
the  liquid  which  remains  in  the  retort  is  very  acid,  pre- 
cipitates with  water,  and  strikes  a  green  with  sulphate 
of  iron.  When  evaporated  to  dryness,  a  bitter  add 
powder  remains,  seemingly  of  a  peculiar  nature  f. 

When  distilled,  the  flowers  of  the  arnica  yield  a  yeU 
lowish  acid  liquor,  which  strikes  a  black  with  sulphate 
of  iron.      This  liquid  is  covered  by  a  quantity  of  oil. 
When  these  flowers  are  burnt,  the  residual  ashes  con- 
tain potash,  carbonate  of  potash,  muriate  and  sulpha'tc 
of  potash,  and  carbonate  of  potash  %• 
Saffron  3.  Saffron. — ^This  yellow  pigment  is  composed  of 

the  pistils  of  the  crocus  sattvus.  The  flowers  of  ttiis 
plant  arc  of  a  purplish  blue  colour,  but  the  upper  part 
of  the  pistil  is  of  a  deep  orange,  and  divided  into  thive 
fleshy  filaments.  These  are  carefully  picked  oot,  drifad^ 
and  pressed  into  cakes. 

SaflPron  is  in  long  broad  filaments  of  a  deep  red  cb» 
lour  without  any  yellow  ;  moderately  dry,  yet  fleribk 


^  BouHIoD  la  Grangt,  Axm,  dr  dim.  It.  38. 
f  Ibid.  It.  39.  Illttd. 


ftofty  acd  dlfiicuhly  reduced  to  powder.  It  has 
%  iirong  agreeable  smelly  aiTcctiug  the  cyes^  and  draw* 
fog  UMr%  bom  them,  and  a  pungent^  and  sonkcwhat  blU 
tcr  taste  '* 

Hilheno  saHron  has  not  been  subjected  to  a  correct 

pb^&ical  aoatysis.    From  the  experiments  of  Neumaniit 

It  doci  DOl  appear  that  any  volatile  oil  can  be  procured 

Jioiii  it  by  rli     "       II.     It  is  probable,  however,  thai 

,U  owes  in  iL:     p      nell  to  such  a  principle,  ibough  in 

too  ^tsall  a  quantity  to  be  easily  obtained  separate* 

Tbe  colouriog  matter  of  saSroa  is  equally  soluble  in 

akobol  and  water »  and,  if  we  believe  Hermbs^dtf  Is 

\  extrictt%*e* 
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OF     POLLED. 


antherat  of  roost  vegetables,  at  the  time  that  the 

'  il  in  perfectioo,  is  covered  with  a  considerable 

Dtity  of  a  powdery  matter,  usually  of  a  yellow  co- 

r,  which,  falling  upon  the  pistil^  is  supposed  to  im- 

ate  it.    This  matter  is  known  by  the  name  offol- 

In  some  plantSf  especially  those  in  which  the 

lIc  and  female  flowers  are  separate,  the  quantity  of 

t  il  so  gicai,  that  it  may  easily  be  collected* 


*  X<rtim2iio,  p.  401, 
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Book  IV.        fjj^  fir,^  person  who  exsmined  this  powder  sw  tft 
Lewis  ;  but  in  his  time  chemistry  hid  not  andc  snfiU 
clent  progress  1 1  enable  him  to  mtke  ft  complete  malj- 
sis.    He  foond  that  alcohol,  in  which  it  is  nuoented^ 
acquires  a  bright  yellow  colour,  and  that  water  takeai^ 
a  duller  yellow,  while  the  undisscdvcd  portion  is  of  i^ 
yellowish  white  colour.     The  colour  of  these  infasioiv.^ 
is  heightened  by  alkalies,  and  turned  rnf  by  ecid^^ 
When  alkalies  are  drupt  into  the  reddened  solatieo,    ^ 
^eep  yellow  colour  is  restored  *• 

Fourcroy  and  Vauquelin  have  lately  peUished  a  di^ 
tailed  analysis  of  the  pollen  of  the  pbitmix  daefiUfim^  ^ 
date  tree,  which  may  be  considered   at  furnishing  « 
pretty  correct  view  of  the  properties  of  this  class  of  v«. 
getable  substances.     At  least  it  is  probable,  that  tbe 
pollen  of  different  vegetables  does  not  dificr  nearly  lo 
much  from  each  other  as  the  other  parts  of  plants. 
poUm  of  The  pollen  of  this  tree  is  so  abundant*  that  at  tbe 

^^'^^  season  of  fructification,  it  surrounds  the  plants  like 
thick  dust.  The  specimen  examined  was  brought  from 
Egypt  by  Delille.  Its  colour  was  sulphur  yellow,  its 
taste  was  sourish  and  unpleasant,  it  reddened  the  iafn* 
sion  of  litmus,  and  communicated  to  water  a  yellow  co* 
lour,  and  a  sensible  degree  of  acidity.  The  watery 
illusion  was  precipitated  by  litne  water  and  ammoaily 
by  alcohol,  and  by  some  metallic  salts. 
;\ctioo  of  When  pollen  was  washed  in  cold  water,  that  liqiui 

miur  and  acquired  a  reddish  brown  colour,  a  sourish  taste  and 
smell,  not  unlike  that  of  beer.  When  evaporated,  the 
liquid  left  a  reddish  brown  matter,  which  had  the  ooo- 


•  NcamaCT*.  Clrm,  ^.  a»K 


r  odour  of  mtlasses  j  iu  taste  was  actd^  but 
Cold  akohoi  produced  no  tfftct  w^tm 
fm^nj:T^  but  by  tbe  assistance  ai  Jieat  it  dissolved  m 
7rtm  of  il,  and  assumed  a  dark  colour.  Tine  restdua 
id  more  consistence,  and  was  less  coloured.  It  dts- 
tattd  vitii  facility  in  water,  allowing  at  tlte  lamc  time 
Hmsb  bulk  J  inaUer  to  separate*  Thus  the  mstter 
Hft  up  hy  liie  water  J  infusion  fi%)m  pollca  bas  been 
Bkd  into  three  portions, 

^Bb»  aJcxtholic  solution  being  concentrated  b^  cvapo<* 
ttiootoihe  coQsisimce  of  ah  extract,  had  a  red  colour, 
ic  odonr  of  baked  appifs^  and  a  taste  strongly  ncidv 
agreeable*  It  presented  all  the  chAraciei-§  of 
add*  The  grey  matter,  which  reftjsed  to  dis» 
riA  wiler,  possessed  the  propanies  of  phosphate  of 


Chap.  ILj 
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aqucoQs  solution   was  asceftained   to  consist 
of  phosphate  of  magncua,  mnltc  acid,  and  an 
^ftl  mmiter,  vihich  formed  a  copious  precipitate  with 
nfusion  of  nutgiiUs,  ^ 

be  polic:n,  thus  deprived  of  its  soluble  matto',  b&*  Tnkoluble 
|t3Cpokrd  on  filtering  paper  to  the  open  w  for  a  ^^'  ^ 
k,  tn&tead  of  drying  assumed  the  form  of  a  paste^ 
rapidly,  to  putretaction,  emitting  an  odour  si. 
to  that  of  old  chreic.  When  dried,  this  matter 
ae  semi  transparent^  and  of  a- consisttnce  resem* 
that  of  g!uc,  B«L*fure  being  diied  it  tn^xed  f^a- 
with  water,  and  (.xhihjted  ihe  chiiraclers  of  soap« 
i  &xed  alkalies  showed  the  pre!ience  of  ammonia  in 
When  distilled  there  came  over  a  watery  Hqnid, 
itjch  gradually  becatne  coloured  as  the  dmillatton 
^knccd  ;  some  time  after  there  came  over  a  red  on- 
^kd  oil  and  carbonate  of  ammonia,  p^ir tly In  crystal s^ 


BookfV. 
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solution.     The  liquid  ahc 
portion  of  the  oil  in  the  state  of  a  foap.     The  ebmotl 
left  was  yoluminausy  and  difHcult  of  incineration #    When 
burnt  it  left  &  considerable  portion  of  phosphate  ol 
lime. 

The  pollen  is  partljr  soluble  in  mtiriatic  acid.  Tb*' 
nitric  acid  reduces  it  to  a  paste^  azotic  gas  is  diseogage^^ 
and  afterward^  on  the  application  of  heat,  nitrous 
and  I  carbonic  acid.  A  jellowish  oil  separated  a* 
swam  upon  the  surface^  and  alkalies  separated  eart.>j 
phosphates  and  oxalates.  When  the  liquid  was  evaj^^ 
rated  to  dryness,  it  left  a  yellowish  red  matter,  cxtrertj^  ^ 
ly  bitter,  tenacious,  and  adhesive,  and  perfectly^  solub J.^ 
in  water.  This  matter,  from  the  descriptioo  of  £ 
must  have  been  a  species  of  artificial  tannin.  Thus 
appears,  that  by  the  action  of  nitric  acid,  the  portion  c 
the  pollen  which  is  inioluble  in  water  is  convened  i« 
to  oil  and  artificial  tannin*  The  oily  matter  becan^ 
solid  on  cooling,  and  possessed  almost  exactly  the  pre* 
perties  of  tallow  treated  with  nitric  acid. 

Strong  alkaline  leys  dissolve  the  pollen,  and  atsuaa 
with  it  the  properties  of  soap,  while  ammonia  is  discB^  -^ 
gaged. 

When  the  pollen,  mixed  with  water^  is.  set  aside  to 
ferment,  it  disengages  the  odour  of  new  cbees€,  md 
assumes  the  form  of  a  lenacious  mass.  Its  taste  is  ex« 
Iremely  sharp;  it  contains  abundance  of  ammonia,  part- 
ly united  to  oil,  and  partly  to  malic  acid.  From  all 
these  phenomena,  there  is  reason  to  believe  that  the  in* 
soluble  part  of  the  pollen  approaches  vegetable  gluten 
in  its  properties  ;  or  rather,  that  it  is  intcrmcdtate  be. 
tween  gluten  and  albumen. 

Rii*  h  ace  the  properties  and  constituents  of  the  poUea 
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^af  ibe  dtte  treei  as  far  as  they  have  been  ascertained  by 
Foufctoy  aad  Vauqaelin  *.  We  may  conclude  from 
lieiD^  that  it  approaches  Very  cnuch  t^  the  nature  of 
^mtniml  matter. 

Profef»or  Link  has  lately  examined  the  pollea  of  the 
fiaite  not*  It  differs  a  good  deal  from  that  of  the  date 
crte  just  described*  He  found  in  it  tannin  in  great 
abundance^  a  restn^  a  good  deal  of  gluten^  and  a  little 
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OF  SEEDSj 


Tmi  seeds  of  vegetables,  constituting  one  of  the  most 

Important  articles  of  food,  and  being  the  materials  from 

fibich  a  variety  of  useful  substances  are  procured,  have 

been  more  subjected  to  chemical  experiments  than  any 

of  the  other  parts  of  plants. 

They  all  contain  a  considerable  portion  of  starch,  CtAttim^ 
^tbough  this  matter  diners  somewhat  in  its  properties  in  ^^ 
diCerent  seeds.  Gluten  is  likewise  a  common  ingre- 
dienty  but  extremely  various  hoth  in  its  quantity  and  in 
its  appearance.  Some  seeds  contain  a  saccharine  matter, 
as  thdse  of  the  lycopoMum  /  but  the  quantity  is  always 
scnal),  and  its  properties  are  hardly  ever  the  same  as 


rgiiA.  A  jV7frf,  //r/#f,  AV.  1%  417. 


S4f  FARTS  «¥  FLANTS. 

Boffc  yy.  those  iaf'tra«si»jftr.  Fixe*  oil  is  ds^  a  goaukhi  in- 
gredrent.  In  the  seeds  of  the  grwses»  4lw  prepoitiwi 
of  it,  if  4nj  can  he  detected,  it  alwajs  snaH :  the  wmic 
remark  applies  to  the  seeds  of  the  -papileoROoeofu 
plarits ;  bat  the  seeds  of  the  crueifdrai  plants  abound  in 
a  limpid  and  nearly  insipid  oil.  In  some  sae4s  a  vola- 
tile oil  h  present,  but  this  is  not  corettnon.  Some  pos« 
sess  a  peculiar  colouring  matter  ;  some  possess  a  por« 
lion  of  bitter  principle,  as  the  seeds  of  the  coann^ 
broom  and  of  the  coffee  plant. 

Saussure  junior  has  lately  showA  that  wheat,  %^ 
probably  every  other  kind  of  corn,  yields  a  quantity  ^ 
phosphorus,  uf  it  be  charred  in  a  moderate  heat,  ^^ 
the  charcoal  be  afterwards  violently  heated  in  a  poroe 
lain  retort.  He  has  shown  that  the  phosphorus,  in  thi 
case,  is  owing  to  the  decomposition  of  phosphate  oi 
potash,  which  exists  in  these  seeds,  and  which  is  dc* 
composed  by  the  charcoal  at  a  very  high  temperatarc 
He  has  shown  that  phosphate  of  soda,  and  even  {AtoS' 
phate  of  lime,  may  be  decomposed  in  the  samie  waj  ^ 
Thus  the  observations  of  Margraf,  and  some  of  ifaecaX"' 
lier  chemists,  respecting  the  phosphorus  which  may  t>c 
obtained  from  the  seeds  of  plants,  have  been  veri&ed« 

I  shall  in  this  Section  enumerate,  in  the  first  place, 
tlie  properties  of  those  seeds  which  arc  known  by  the 
.  name  of  corn,  and  are  used  as  articles  of  food.;  then  the 
seeds  of  the  papileon^ceous  plants^  namely,  peas,  beaos, 
vetdies,  &c.  which  arc  likewise  employed  as  fiogd. 
The  seeds  of  tiie  remaining  tribes  of  plants  have  bees 
hiihertp  but  imperfectly  examined  ;  we  can  only  there* 
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ctsf^a^ 


fort  ItHil  lliQ  experioicnu  Ui^icTto  iviadc^  without  v^j 

Tii€  siost  iiDpoitaut  gcocm  of  com  are^  wlicaf,  rv  c^ 

I,  Wti«ar|  ti^  irUunm  hyUtamu  (and  other  specie^}  Wliot 
of  bofani&Uy  has  been  cultivated  fro -^^  »•--'    ..-.>..... 
rM  ia  £4»f  ope  and  tbc  ooilhcni  part 

^of  11  employed  a&  QUA  o£,tt]|ef  mo&t  impQcu^i  »r^ 
>  of  iood*  Indeed  wbc^it  flaur  ts  ibc  only  s^b- 
:  koown  from  which  good  loai  bread  caa  \^  ix^p^m 
Hbc  s«cds^  iikbeii  ripe^  zi^  ground  to  a  £ac  powder|| 
a»d  bj  pasMBg  thi^  powder  through  cloth  ucvc^p  of  ysh 
dei^^i  '  ^neac&s,  it  is  separated  laU>  distance 

[if«  .€  5our  coDStitutes  th4:  gre^cy  pcf^ 

ijoci  i  tnd  the  tran^  which  consists  of  the  outec.coa^^ 
llie  aced^  and  which  i»  (tie  coars«6t  of  ^411^  coQ^tilal^sihc 
noLt  grtBt^-*  rw. r^^r^,  .      .., 

Hilhexi  ur  of  wheal  only  has^  bcca  ^iibjected  Ccioieic«- 

to  «  chemicAt  ejtanuuauoR  i  whil«  the  bran»  which  maj 

II  ooe^third  to  onc-fourtb,  ha&  hcco  oeglecled. 

uiovt  reztt^rkahle  subUaaces  ia  wheat  flour  ar^ 

|jf«rri^^  whi^  ooo&titut«s ,  by  far  the  great^t  parf 

^ili»  vid  the  ^iuUfi,  which  i&  the  uext  iogrcdienl  ujl 

muioi  qu»tiU'       '-  " ■""■  •*  -   '-  -n  nijr  tri^lsy  ^> 

coQt^aux»i^  .         .    '•     Sdccharinr 

jOUter^f  XLSI&  ia  It  ab^^  though  m  a  very  small  pfopo|^ 
j:e  is  mci^  i  by  Fooiw 

[>y  «..,.    ,  ^-^uclin;  zi.^  ,^ -^--.-iiicins^also, 

if  appears  that  phoiphatc  of  limt  is  preseot,  but  th^t 
ihey  did  not  detect  any  phosphate  of  potash  ** 
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rAftTS  or  FLAXtt. 


?0«*  W*        Wtter  in  whieli  wliett  flcmr  hmt  been 

six  boorv  has  an  opal  eoloor,  and  l>ea)Ciici 

rtTf  slowij.     Its  itite  ti  fweedjli*  tl  has  the  odonr  of 

unripe  grain,  and  does  nol  alter  Tegetable  Utiles.  Tll» 
iafodon  of  nutgaUs^  oxjnitirtadc  mdd,  and  other  naidv 
occasion  a  precipitate  in  it.  It  becomes  tot  impkBjp 
9our.  When  heated,  jellowish  fiokes  are  sefi«9ted« 
When  concentrated  by  evaporation^  tts  tsite  bocenca 
more  perceptibly  sweet.  When  mspissaied  solliciait- 
]y,  it  assumes  a  golden  yellow  colour ;  bas  m  6wc«t 
taste,  hut  i»»  at  the  same  lime,  acid  and  acrid  i  yellow- 
ish Bakes  separate,  and  a  crust  of  phosphate  oC  timt 
coats  the  capsule  tn  which  the  eTaporatiou  is  fierfarm* 
ed.  Alcohol  coagulates  it^  and  throws  dotPFH  a  .«itb^ 
stance  which  possesses  the  properties  of  gluten.  Heooa 
it  is  evident,  that  the  water  owes  its  properties  to  Lbt 
gluten  which  it  holds  in  sotutioo  *|  and  probably  ab% 
to  a  little  bitter  principle,  it  contained  also  soodoib^ 
gar  and  muotlage,  and  phosphate  of  lima, 
P|e«  2.  Rye  is  the  seed  of  the  sccalt  ctrtah^  a  plsot  eoL 

tivated  in  the  northern  parts  of  Europe,  iu  considersUr 
quantity,  as  an  article  of  food*     Bread  made  of  tl  ii 
much  denser  than  wheaten  bread,  and   has  a  bro' 
colour,  and  a  peculiar  sweetish  iasi^  which  to 
persons  is  rather  a^eeable.     We  are  indebted  to 
hof  for  an  elaborate  analysis  of  rrc-meaL     He 
lishcd  the  result  of  his  experiments  in   the  summer  o{ 
IS05  +, 

A  determinate  {portion  of  rye- meal  wa^  (mtBatA  into 
a  ptste^  washed  in  pure  water  till  that,  Irqttid  c^sfid  So 
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ytntz  tnj  colour,  or  to  take  up  any  thing.     The  IK     Ch>p.tt 

f^td,  ttftcr  filtfaiion,  had  a  ^eUowish  colour,  an  intipid 

taste,  and  a  smeU  like  that  of  new  whej*     It  sliglitly 

reddened  litmus  puper,   and  was  rendered   oiuddy  by 

cftrbonate  of  potash,  sulphate  of  silver^  and  mftision  of 

gmlli*     When  raised  to  the  boiling  tennperature,  it  be- 

GMne  muddy,  and  a  number  of  white  flajces  separated. 

Thiiei  when  collected  and  edulcorated,  had  the  appcar- 

«tH?c  of  curd,     lliey  dissolvid  in  alkaline  leys,  yrcrc 

illiOlilUe  in   alcohol,   and  possessed   the  properties  of 

wyto^fc  a/humtn*     When  the  liquid  vf^s  concentrated 

^y  evaporation,  it  deposited  a  small  additional  portion 

of  albumtn.      This  being   separated^   the  liquid  was 

CTiporated  to  the  consistence  of  honey,  a^id  digested  in 

'^     alcohol  repeatedly  till   nothing   more  was  taken   up* 

•     The  residoe  was  greyish  white  and  insipid  :  water  dit- 

-     solved  it  slowly,  and  the  solution,   being  evaporated, 

-^.     deposited  more  flakes  of  albumen.     The  residue  had 

ht  ippearance  of  a  solution  of  gum  arabic,  and  when 

mpoESted  to  dryness,  left  behind  it  a  poriion  of  pxm^ 

^    wf  nutter* 

The  alcoholic  solutioa  became  muddy  when  mixed 
irithwmtef.     The  alcohol   being  drawn  off  by  dtstilla>- 
jii,  there  remained  in   the  retort  an  aqueous  solution, 
a  wine  yellow  colour,   with  large  browni^li  fiakes 
aiog  in  it-     These  flakes,  when  collected,  were 
1 IQ  possess  the  properties  of  gluten.     They  form- 
la  glutinous  mass  with  cold  water,  the  bulk  of  which 
atracted  when  the  water  was  made  to  boU.     Boiling 
d1  ^ssolved  it  i  but  ether  took  up  only  the  colour- 
ing matter*     Alkalies  dissolved  it,  and  acids  threw  it 
flgaia  from  its  solution. 


2^  fjiKT%  or  fLAKTS, 

Dfiok  TV.  Xbc  waterjr  soUiUoih  tltos  freed  fr om  tlie  glaUfi,  be« 
tug  cva(>or3iied,  Ufl  an  cxUaci  of  n  wtao  yeilow  cotatir* 
By  repented  dinc*Uoos '^^  ...  .u.t  .^n.-*.;..,..  ,.:,!.  water, 
ttod  oapor  tious,  it  w^  ^taU% 

Vihi€h  &ciU  adhered  to  iW  lt»  t^He  wm  Uien  iwcct^.tnu 
hnrsli ;  its  colour  wine  yellow ;  and  it  av^u  soluble  in 
w^ter,  alcoba]^  and  ^icc.  U  was  ctuisukrcd  ik\  iLc 
sacci^diine  tnaiicr  uf  rya«. 

lenolubW.  ]\^ie  rye-m&aJ»  thuj^irccd  from  the  itiaiier»  aoliibUiii 

tvatcti  w«is  mix^d  wixli  a  great  ---  -^  --nt,  and 
b^  repeatedly  agitatit^g   ihe  lu|i  .^  ii  olT 

aCi«r  MaiHltng  aome^  tioie,  it  waa  separated  anlo  twa 
pouiou:!^  n-iitnely,  a  grcyi&h  coloarcd  stibbtaiifey  wiiicbf 
being  lightc&ty  did  not  ao  soim  substdt?,  and  » jirkiie 
powder^  which  pobte^fed  Uic  properties  of  atarclu  Tht 
grey  cul ou  red  $iibitaii«e,  by  repeated  dig<;9cioii9  in  4^4 
col)ol  and  watei'»  was  separated  una  Uitee  poftioflli 
n«ti9eiyg  gltueo^  dtArcli»  nnd  tiie  coata  of  the  rf^-mmiu 
Sut'b  tre  the  oon^iituenia  of  rye^moal^.  •ccordtrig  |^ 
EitiboiT.  The  following  are  the  pfoportioni  of  i\nam 
didcieat  ^lub^tances,  detected  by  Oyh  chenu^li  ui*  ih^ 
bcM  ryr<.^cd»  rind  tye-meal*  3S40  parti  of  good  ryt« 
sc^eda  ftcre  computed  of 

•fcoftttitu-  0  30  husk 

25;?0  ^u..  ,i.^-i 


jThc  saoae  ^ uaiuit^  mI  good  ryc*incal  contaioed 


^^^H                               8ftEll!k 

2« 

^^^^B                       albumea 

Ofefikii^l 

^^^^H|                  364  ghr               >li'icd 

^^^^^ 

^^^Hi 

^^^^L                X26  saccharine  matter                    1101 

^^PKi«f;                hu»k 

^^^  ^I6m                  ioas 

^H  •                              t    ihese  substances  mult  vary  ex- 

m^ 

ircn^                 <ii\i\;  t^^ 

c  '                       The  giw                                                 t  jjarii- 

C                                       1 1  Kit   nf    '..                                                                           ,US     -U)d 

IIICU^ 

lot  pcrcrivci                                                                               pe- 

CUlin^^   "'  '^  *                JT^.ui  ^lULLiJ.        i  lit  siiiiLiiui   I  ,           ^~" 

i 

a  Mi                          lance  to  thnt  of  wheat.     Lifcc  t 

it  dc                       1  colourl 

tcr,   Af-U  always  precipitates  at  i*ist,  vvliea  tlic  soluuoa 

U  left  a  suiHdent  lime  at  rest. 

W  £inhof  did  not  cxanaine  the  ashes  of                it  from 

/Vshc 

liic  experiments  of  Schradcr,  we  know  ih 

quaniitj^  analysed  by  Einhof,  namely   3S4u^  yielded 

the  following  fixed  substances  ^ : 

\ 

3  90  silica 

* 

3*35  carbonate  of  lime 

S*55  carbonate  of  magnesia 

u*35  alumina 

O'SO  oxide  of  manganese 

0*22  oxide  of  iron 

12^11 

i 

•  Gehkn^i  /fwr.  iiL  31^. 
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S'  O&ts  are  the  seeds  of  the  avfna  lati^ap  a  phnt 


0iM%        cultivated 


B»%. 


artidc 


Uftripeliar- 


considerable  c(aaiitttiet  as 
ft>od«     No  correct  chemicsd  aoalysU  of  thit  seed  h 
yet  been  made.     The  husk  is  uncommonly  thick^  m 
constttutes  a  consldcfable  portion  of  the  ctum*     Ti 
proportion  of  starch  is  likewise  considerable,  ihougl^  ^ 
is  difticult  to  free  it  from  another  substance  with  wh^ji 
it  is  united. 

4.  Barley  is  the  seed  of  the  hordtum  vulgan^  a  pbat 
too  well  known  to  rei}uire  any  description*  Gtnt 
crops  of  it  are  reared  annually,  partly  as  an  arttde  of 
foody  and  partly  as  a  material  from  which  malt  liquon 
and  ardent  spirits  arc  drawn.  This  species  of  ooro  hu 
been  examined  of  late  with  considerable  attention  hf 
chemisiSi  partly  in  order  to  form  correct  conctpciooii  ii 
possible,  of  the  nature  of  the  process  of  fermenla^i 
and  partly  to  ascertain  the  constituents  of  barky.  Fottt- 
croy  and  Vauquelin  published  several  tn^enioiss  u* 
marks  and  experiments  on  it  in  l80Ci\  and  Eiabd 
published  a  still  mons  elaborate  analysis  about  ik 
commencement  of  the  same  year  \  having  examiuei 
this  grain  in  different  stages  of  its  growth,  and  after  u 
was  fully  ripe  t-  ^ 

When  unripe  barley-coms  are  triturated  with  wat^H 
the  liquid  acquires  a  milky  colour*  If  this  procr&s  bt 
continued,  adding  fresh  portions  of  water  as  long  as  thp 
liquid  passes  off  muddy,  there  remains  only  a  gteen 
husky  matter.  When  this  matter  is  macerated  a  auft» 
ctent  time  in  cold  water,  it  acquires  a  greeiush  grey 
colour,  and  when  dry  has  the  appearance  of  vegetable 
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Thr  water  in  which  it  wai  maccmted»  when     Ckt^  1L 
pDiites  a  fiew  flakes  of  albumen,  and  when 
irmpofSled  to  dryness  leaves  a  small   portion  of  ex* 

Tbe  water  with  which  the  barlej  was  at  first  tritii* 
jitad  if  at  firU  milky^  and  gradually  depo&itcf  a  white 
povKkr ;  jet  it  does  not  be  come  transparent,  though 
lllowtd  to  stand  a  considerable  time.  When  filtered^ 
paaaes  through  transparent,  while  a  slimy  substance 
^C  a  greeoish  grey  colour  remains  upon  the  filter.  This 
potiitaaoe  fiofsesses  the  properties  of  gluten*  When 
lh4i  loliUtOR,  now  transparent  and  of  a  yellowish  colour^ 
it  boilodt  it  deposites  flakes  of  albumen.  It  reddens 
litmiKi  paper,  and  is  strongly  precipitated  by  lime*wa» 
ter,  nitrate  of  lead,  and  sulphate  of  iron,  indicating  the 
pfeseDce  of  phosphoric  salts* 

The  liquid  being  evaporated  to  the  consistence  of  a 
lyntp,  and  the  residue  treated  with  alcohol,  the  solu« 
tsoa  diluted  with  water,  and  the  alcohol  distilled  oflT^  to 
leplfftte  tome  gluten  which  still  remained,  a  syrupy 
mniir  was  obtained^  having  a  sweet  ta^te,  which  was 
(vnsidered  as  a  saccharine  matter  of  the  barley*  A 
portion  refused  to  dissolve  in  alcohol.  This  porlioa 
itai  conridcTcd  as  extractive. 

The  white  powder  which  precipitated  from  the  wa- 
ter in  which  the  barley  had  been  originally  triturated, 
poiiesaed  the  properties  of  ststfch* 

Such  are  the  constituents  of  unripe  barley,  according 
to  the  cxperifnents  of  Einhof.  The  following  arc  tho 
proportioni  of  each  which  he  obtained  from  28ao 
of  unripe  barley  *. 

^  Ctlikn,  vt.  $^, 


C5£:  FARTS  or  njiXTS. 

W^^  Gfeen  Imsk,  &c w^^.i«w47S. 

AlbnineBy  with  pboaphatt  of  littt  23 

Giuten ^ •»•*>«.    '5ft 

Saccharine  matter ••   160 

:  ExtractiTe, »»•••••••••«•  ••••   -;7a 

Starch ••.»•    42Q> 

Volattk  Batter. w.4l500 

Loss • « 182- 

2a80 

Kipe  Itf-         When  ripe  barley  is  steeped  m .  witer  a 
^*  time^  and  then  csutiouslj  knosMM.bctwcan  ibtrAagM 

in  a  doth^  evcrr  part  of  tlie  gvain.  is- washtfdinnj 
eaoocpfc  the  husk,  which  bj  ihirpracdts-TiQajr;  ^idM 
and  weighed.    .  • :   * ,.  j     >     • 

When  barley  meal,  previously  nad^^jnto  a.paits^ifr 
treated  in  the  same  ivaj,  a  brownish  'rcaiddnm  ifcnfebis, 
consisting  diiefly  of  the  hnsk^  thougb  il.'cohiaii)a.iii» 
poioons  of  starch  and  gluten  which  cannot  tveUibe  H^ 
]Kirated.     The  water  in  which  the  meal  haa^ea  imib- 
cd  gradoally  deposttrs  a  white  powder,  bnt^  docs*  sot 
ikcome  transpaient  though  left  at  rest.     It  rapa  veij 
soon  into  acidity.     Indeed^  if  s^e  btlicve  Fourcrojaad 
Vauqiielin,  barley  ol'ten  coiftaiasan  acid  ;  thc^  waler.ia||^ 
which  it  has  been  macerated  rbdtivaing  the  ifitusioft  of 
ihaaus:  this  acid  is  the  acetic*  .'The  colout  of'tliif 
water  is  reddish  brown.     In  holds  in  sokitioa  a  cossi* 
derable  portion  of  matter,  which,  according  to  Fpur- 
crby  and   Vauqiielin,   consists  chiefly  of  gluten,  .hu^ 
which  Einhof  found  to  be  of  a  more  coinplicatediia* 
tiire,  coiisi2>ting  of  albumen,  or  rather  gluten,  n\ucilage, 
and  sacLharinc  matter.     It  contains  iu  solution  likewise 
a  notable  poition  of  phosphate  of  lime. 


n^eal  is.mi,cef^te4  si  KifiiGMf>t  tilDe  in 

dI^  liia^  liquid  acquires  ^  yellow  ^olouri  mod  be- 

maddy  and  n^or^  edorous^  aoid  bj  evaporation 

\mij  matter  jof  ^  yeUpw.  colour  and  xm  acrid 

» havtog  the  o^owieace  ol  buUer.     ^^ '        ^!  burns 

fit  Qilj  and  forms  so^^p  with   alk  U  is  but 

fcctly  soluble  i»  alcobol  ^.     TbJs  oil  e^aped  tHe 

adoD  of  Einhof.      I  obtained  it  by  a  process  si- 

to  ibat  afterwards  described  by  Foiircroy  aod 

eliQ  ;  but  its  colour  was  asparagus  green,  and  it 

:  bum  with  the  same  readiness  as  an  oil.     It  has 

^imich  ihc  eppearanee  of  olive  oil  coa^uUted,  but 

istenee  is  less^  and  its  colour  is  darker*     To  tbis 

\  pecoKmr  fliivotrr  of  spirits  from  raw  grain  M  «6- 

1  at  pirescnt*     If  ibis  opinion  be  well  fotmded^  the 

be  dissipated  ot  destroyed  4iy  the  process  of 


|e  followifi^  arc  the  proporUotts  of  the  coit^tituents    CoTisiftv 
cd  hy  Einhof  from  3S  40  parts  of  barley *coms  : 
Volatile  matter .».»..  430 

Husk, 720 

Meal 2d00 

Total     3840 
1  tlie  ssrme  qaatiltty  of  Isarley  meal  heobtained 


\  Vav^lin,  Jbtm,  d*  Mm.  dUUU  2\^U  Nos  tlSrrit.  |^I» 


fAtM  or  »LAirtt. 

Volttile  mttter $6» 

Albmneii  •••*•••««••• 
Sacchtrioe  matter •     •  Si 


Mucilage  •    • «     •  l"**  m^ 

Phosphate  of  limey  with  some  albumen  .     4  p 

Gluten •••••!  ^^ 

Husky  with  some  gluten  and  starch    •    •    •  ^^ 
Starchy  not  quite  free  from  gluten     •     .    •  2580 
LoM •    .      7$ 

Total  8840 
Besides  these  substaocesy  Fourcroj  and  Vanqndin  w- 
oertained  the  presence  of  phosphates  of  lime  and  amg* 
nesisy  and  of  silica  and  iron  i  and  I  found  in  ity  bendo 
these  substancesy  phosphate  of  potash  and  nitrate  of  so* 
da.  The  presence  of  phosphate  of  potash  was  asocr« 
tafoed  likewise  by  Saussure  junior. 
lUca  5.  Riccy  the  seeds  of  the  aryia  laiwa,  ought  to  be 

considered  hercy  on  account  of  the  striking  resemUncs 
which  it  bears  to  barlej  in  its  properties  ;  but  hitherto 
this  important  graiuy  almost  the  sole  food  of  a  great  pro- 
portion of  the  human  race,  has  not  been  subjected  to 
chemical  analysis.  We  may  conclude  from  analogyi 
that  its  constituents  are  pretty  much  the  saipe  as  thoo^ 
of  barley. 

'  0.  Mais.  This  is  the  seed  of  the  zea  tMoisf  or  iodun 
com*  Some  experiments  on  it  have  been  made  bj 
Proust.  It  is  converted  into  charcoal  in  the  usual  waj| 
and  leaves  about  ^th  its  weight  of  charcoal.  Thia  char* 
coal  is  extremely  difficult  of  incineration.  It  contains 
some  phosphate  of  potash  *. 


a  NichoUoB*!  Jmr,  zfiii.  %^ 


S££D3« 

ttg  IHTRT  given  an  account  of  the  constltaents  of 
ioQs  species  of  com  hitherto  subjected  to  chem!* 
Ibuuitioti,  let  us  proceed  to  the  seeds  of  the  pa- 
plaots.  The  most  remarkable  of  these 
1^  beansi  kldnejr  beans,  lupines,  lentiles,  &c. 
Kas.  The  seeds  of  the pisum  satruum  constitute  a 
IDnum  and  nutritive  article  of  food.  Thej  have 
lelj  examined  in  different  states  bj  Einhof  % 
devoted  his  chief  attention  to  this  peculiar 
of  chemical  investigation, 
(tating  the  green  plant  nesrly  in  a  similar  man* 
I  barley,  he  obtained  from  3S40  parts  the  foU 
constitueots : 

Volatile  matter     .     .     *     .  3000 


Starch  .  «  *  « 
Vegetable  fibre  . 
Gluten  f  .  ,  . 
Albumen  .  .  . 
Phosphate  of  lime 
Saccharine  matter 
Extractive 
Loss 


p^cn  pod  or  husk  of  the  pea,  by  a  similar  treat- 
rielded,  from  3S40  parts  %$ 


SMMn  jiF  PtAHTS. 


W^fim 


yjjujlt  mmttr     . 

^'^peuble  fibre 
^nrch   .... 
tkwtn  gUiten   .     . 
Albticnefi    .     ,     . 
nMSUpbtle  of  lime 

Loss     ... 


3SiO 


yb»  pets  themsel  vrf ,  wh<m  vciy  jooii^y  ire  often  fiO- 
cit  with  ft  sweet  jfticey  19 hich  mny  bcobuined  bjr  a  sltgbt 
pressure.    Einhof  examined  thix  liquief .     It  has  a  greev* 
ish  yellow  colour  and  a  very  sweet  itsic.       When  cx» 
posed  to  the  air»  thin  cuticles  formed  on  its  aorfaoe,  aai 
white  flakes  precipitated.      It  gradual] j  imderwenU 
kind  of  fermentation  and   became  s&tir.      From  1441 
parts  of  this  jaice,  Einhof  obtainedf  t>v  3n:i1^tiis  ^, 

Albumen  *  •  .  ,  ju 
Extractive  -  .  .  .  IS 
Sai^charinc  s)'rup  .     .  1^5 

Thti  syTYip  h^^  much  the  taste  of  raw  sugir^  but  coali 
not  be  made  to  orjrstalliiet  ,  , 

Krotn  npc  peas,  b^  macrratlng  tbcin  in  wsOcr, 
employing  a  mode  of  analysis  simihr  to  that  u«rdl  fa 
ascertaining  the  constituents  of  barley^  Einhof  obtaiai 
the  r  *'  »  product f.      The  quifitity  employed 

3at     . 


•  Gdhk&'t  7*«p.  tI  lie* 


.  *  Iblil.  ^  ij» 
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Volatile  matter 540  Cb«p.U, 

Surcfi^  fibrous  matter,  with  the  coats  of  ' 

jj^P    the  peas      ...,..,.    S40 

^Btarch 1265 

^P^nsmo*vegetable  matter     *     .     .     •    559 

Albumen 66 

Saccharine   matter -SI 

^^Mucilage 249 

^P^arthy  phosphates ii 

Loss 229 

i  — 

V  3S40 

The  second  of  these  constituent^^  entitled  starchy  Ji-    Starchy  fi- 

^^katter^  was  what  remained  after  the  peas,  reduced    ter!^**""" 

l^ilTp  with  water  in  a  mortar^  had   been   washed 

5th  water  lIU  thej  ceased  to  discolour  it,  or  to  give 

tttany  soluble  matter  to  it.     This  residue  was  in  part     , 

>Enposed  of  the  coats  of  the  peas,  and  partly  of  a  white 

ktous  matter  without  taste  or  smell*     When  dried,  it 

S\  yellowish,  and  was  easily  reduced  to  powder  ; 
•  powder  formed  a   pjiste  with    water,  and  dis- 
like starch  in  hot  water.     It  then  bore  a  certain 
Iblance  to  starch,  and  agreed  in  its  properties  with 
irous  matter  of  potatoes  ^. 
ir  fourth  of  the  precedinjr  constituents,  entitled  €tnu    A^innv 
\piahk  matter,  was  obtained  m  fhis  manner  :  The    nmiar* 
Bj  water  ia  %vhich  the  peas  had  been  macerated,  af- 
jkpositing  the  starch,  still  continued  muddy,  but 
«r deposited  any  thing,  nor  would  pass  through  the 
but  when  diluted  with   its  own  bulk  of  water. 


«GehleiiV/<Mr*?li)3* 


fb/.   V. 


aEEDS. 


25^ 


bcAu. 


m(  this  substance,  as  far  as  they  have  been  ascertained     Chap^H. 
bj  M.  Einhof  •.  '      ^^^ 

When  3S40  parts  of  ripe  peas  were  reduced  to  ashes, 
the  residue  iireighed  112  parts.  From  tliesc  ashes  Einhof 
cted  phosphoric  acid,  sulphuric  acid^  morialtc  acid, 

,  stiica,  carbonate  of  lime,  phosphate  of  limc^ 
oside  of  tron,  and  phosphate  of  ammonia  and  magne* 
siaf  • 

8.  The  seeds  of  the  vicia  /aba,  ft  small  bean,  be- 
conuag  blackish  when  ripe,  aiid  used  as  an  article  of 
food,  b*v«  likewise  been  examined  by  Einhof.  The 
asimlysis  was  conducted  in  the  same  way  as  his  other 
cicperiments  already  described.  From  3840  parts  of 
the  ripe  bemns  he  obtained  the  following  substances : 

Volatile  matter 600 

Skins 386 

Starchy  fibrous  matter     *     ,     ,610 

Starch *     .     .  1312 

Vegeto*animal  matter     •     .     .417 

Albumen 3i 

Extractive,  soluble  in  alcohol   .    ISO 

Gummy  matter 177 

Earthy  phosphate      ....       37t 

Loss      .      .     .      .....     133J 


3840  t 
Fourcroy   and  Vauquclin,   who  made  experiments 
upon  this  substance  likewise,  found  the  ashes  which  it 
[leiires^  when  incinerated|  to  consist  of  the  phosphates 


\  Ibid  p»  ij6. 


260  PARTS   OF   PLANTS. 

P<>"^^^',    of  lime,  magnesia^  potash,  and  iron,  and  of  unoombined 

potash.     They  could  detect  no  sugar  in  it  *• 
^^  9*  Kidney  beans,  which  are  the  seeds  of  fhasitbu 

vulgaris f  have  been  likewise  analysed  by  £inbof. 
They  are  characterized  by  the  great  proportion  of  animo- 
vegetable  matter  which  they  contain.  From  3840  parts 
of  these  beans  Einhof  obtained  the  following  substanoei: 

Skins 28S 

Starchy  fibrous  matter 425 

Starch 1380 

Animo-vegetable  matter,  not  quite  free  from 

starch 790 

Extractive 131 

Albumen,  with  some  vegeto-animal  matter       52 

Mucilage 744 

Loss 21 

3840  f 
Lentilea.  10.  Lcntiles.  To  the  same  indefatigable  chemist  weare   < 

indebted  for  the  analysis  of  the  seeds  of  the  ervumUn. 

From  3840  parts  he  obtained  the  following  substances: 

Fibrous  matter 720 

Albumen 44 

Earthy  phosphates^  with  a  little  albumen     •     22 

Extractive,  soluble  in  alcohol 120 

Gummy  matter 230 

Starch 1260 

Vegeto-ammal  matter 1435 

Loss 11 

3640  t 


•  Aim.  ie  Muu  iT  Hii/.  A'j/.  No.  xxxvU.  9.     t  Odikn'i  /wr.  fi.  5  45- 

4  Ttk!J    m     r  .<« 


8E£D5. 
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Here  tbe  pcoportton  of  sinifno.vegetBble  matter  is  stitl 
greater  ibio  in  the  kidney  bean* 

Ltniilcs  wcTc  examined  bj  Fourcroj  and  V^uque- 
lin  J  but  whether  the  same  species  as  the  preceding  ihey 
do  not  put  It  itt  our  power  to  determine,  as  thcjr  oroit 
tfie  botanical  name.  The  liquid  in  which  the  floor  of 
these  seeds  was  macerated  was  not  add  :  it  had  a  slight 
tnd  rather  drsagreeable  taste,  and  was  precipitated  co- 
piously hy  iofusion  of  galls,  oxjmuriatic  acid,  and  sul- 
phate of  iron,  in  shorty  it  exhibited  nearly  the  same 
phcODOJcna  as  arc  described  by  Einhof.  When  the 
&)ur  of  lenttlcs  is  dig^ested  in  alcohol,  the  liquid  as- 
toei  a  gteenbh  yellow  colour,  and  a  bitter  acrid 
tMte.  When  distilled,  it  has  the  odour  of  vnnilla  very 
stroagiyi  but  acquires  a  disagreeable  smell  when  mixed 
With  water.  The  residue  is  greenish  yellow,  has  the 
tppeanmce  of  a  thick  solution  of  soap^  and  a  green  oil 
ntiioi  upon  the  surface.  The  pod  of  the  lentiles  con- 
tabs  a  portion  of  tannin  *. 

•H*  White  lupine.  To  Fourcroy  and  Vauquelin  we 
«rc  iDdebced  for  the  analysis  of  the  seeds  of  the  hipinus 
Sut;  the  farina  of  which,  according  to  their  experi. 
Qcnts,  differs  from  that  of  all  the  other  liguminous 
plants  hitherto  tried,  as  it  contains  neither  starch  nor 
ttctharioc  matter.  They  found  in  it  a  yellowish  green 
«ilaf  an  acrid  nature,  which  approaches  the  6xed  oils 
in  its  pro  petite  s  ;  a  vegeto-aDimal  matter,  which  ap* 
fears  to  bear  a  strong  resemblance  to  gluten ;  a  consider- 
ibk  poftion  of  phosphate  of  Itme  and  magnesia,  and 
traces  of  phosphates  of  potnsh  and  of  iron  f* 


Chap.  ir. 


Whtee  hi* 
pine. 


•  A»ft,  di  Mw,  tTHut*  <Vrf*.  Na  xixrii.  p.  la 


Ma  »^rs  SJ  FLAVTS. 

'-^^  "  ~  ffiao^^xu.  r^ese  seeds  have  bee&  lately 
f..^.^  Afii^.:.*s  •  .:  r,iai.:zi^  sxuB-.aadoQ  by  Bucholz.  The 
'*^  auAw.19'  c<t  oe  -*«^>»  viich  he  obtained. 

jsots   Bci  IT  itfs^Kcd  yielded  by  eaLprcsiioa 
sxur  JDE^  n  JK  Tzcss  pars  of  a  yellow  coloured  oil. 
r:  pcdscsscd  all  the  characten  of 
se  residue  he  procured,  bydi- 
cnzjciition  by  heat,  about  af 
c  i  -yrm     Bxc  =cc  quite  half  a  part  of  fibioDi 
rise    rTniii>  coats  and  husks  of  the  seeds 
'     SKT^     A'joot  one-fourth  of  a  part  oft 
scans.  3^a  v  is  obtained  by  means  of  sloo« 
.  .aa.  wi^KT  2£  asDc  quantity  of  a  substance  to 
c   mgz'-.iz,  p.-na  ihc  name  of  mucilagimmt  iugv^ 
mam  zst^mt^  au  ibout  IV  part  ot  gummy  extm* 

..   1a&.     Tns  la  the  seeds  of  the  cojffea  araUti, 
■*■£_.     ■   =.  istally  of  a  small  size.     It  was  on* 
^T   fuHT--    7:1m  Arabia,  and  was  unknown  is 
:r:r  z^  .n  riJ  -.     The  entire  fruit  has  some  rciem-' 
K£  :  .  .r^ery.     Under  a  pulpy  skin  it  contains  n 
^     -■'i**,  vaich   separates  longitudinally  into  two 
3.   ^''  .i:'vemi  with  a  thin  coat,  and  marked  loogi- 
las..!   «::a  1  furrow  on  the  flat  side,  where  thej  are 
Ku.      r:c  n^'tf  truit  is  dried  in  the  sun,  and  heavy 
-i   :%^T  it,  by  which  the  seeds  are  psrteii 
i^  :x.  ■'.*<'-:7  ir-^'kea.     They  are  afterwards  separated 

wx*2nu'JV33l£. 

*4.3Y  ra^enveois  have  been  made  by  chemists  Xm 


•  Gchlcn's  Juir.  r'u  615. 
Neumann*!  CI  emit  fry,  p.  37U 


sum, 

aiCertsuo  tfac  constituents  and  qualities  of  coSee ;  Neu* 
mann^  Geoffirojr^  Dufour,  Krugcr,  Westfieid,  &c.  pub- 
lished sQcces&ivelj  the  result  of  their  trials  on  it.  The 
latest  juialyses  are  those  of  Hermann  *  and  Cadet  f  • 
They  neither  agree  well  with  each  other,  nor  with 
tllose  of  preceding  writers.  It  is  probable  that  these 
differences  ought  to  be  ascribed  partly  to  the  different 
mode  of  analysis  followed,  and  partly  to  variations  in 
the  berries  examined. 

rThe  infusion  of  coflee  in  boiling  water  is  of  a  yel* 
(owish  green  colour  i  but  the  decoction,  by  continuing 
the  boiling,  becomes  brown.  It  becomes  turbid  on 
cooling.  The  alkalies  render  it  more  brown.  It  strikes 
s  black  with  sulphate  of  iron,  but  does  not  precipitate 
witb  glue*  Oxymnriatic  acid  nearly  destroys  the  co* 
lour^  but  if  an  alkali  Ise  added  the  liquid  becomes  red. 
Ctdet  obtained  a  decoction  with  coffee  which  produced 
DO  effect  upon  vegetable  blues  ;  but  other  chemists  de- 
leribe  it  as  changing  them  to  red»  and  Hermann  obtain, 
ed  with  alcohol  a  solution  which  produced  the  same 
ei&ct. 

mien  water  was  distilled  from  coffee,  what  came 
over  had  an  aromatic  odour,  and  a  few  drops  of  a  sub- 
ittoce  similar  to  myrtle  wax  swam  on  the  surface  of 
it  J  the  residual  liquid  became  milky  when  mixed  with 
alcohol^  and  let  fall  a  substance  possessing  the  proper- 
tics  of  gum. 

When  alcohol  is  digested  on  coffee,  it  acquires  some 
fioloar.    The  solution  when  mixed  with  water  becomes 


f  Jm.  dt  dim*  Wixl  %6C. 


2a^ 


Chip*  n. 


Infuiion. 


.  ::.AVT5, 

.'..   resinous  matter.     The 
:■;.:. CSS  Icmvcs  a  subviancc 
.   ,  i-.d  partly  of  the  b.tter 
:.::..     From  these  cxpe- 
..•■:•,  '.vo  ..ec  that  cofFce  cori- 
.  .;".•.!•:  oil,  gailic  acid,  mu- 
.-  ..-:.. ijjlc.     It  contains  also, 
.*.  .:  ilumina,  lime,  muriate 
.  --:  -.-I,  wjiich  separate:  from 
\.  i;rn.     The  result  of  Ca- 
.:.v  is  follows.      Sixijr^four 


*i  :i::  rind  bitter  principle 

iV...'.  acid 

t.:-r.tn 

£::;j>  insoluble  matter 


:  1  .'20  parts  of  L:vnnt  and  Mar- 
rwing  proportions  respective- 


I  c  v.\iU. 

M*r:i."!quc. 

.    "a 

.      .      6S                    i 

.    .^JO 

.   .  310          ; 

.    l.U) 

.      .    144                     i 

tn^^:^ 

.     .l.-sti                 i 

.     lii 

1 

1020  lojC 
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S0S 


"When  coffee  is  roasted,  a  portion  of  tannin  is  formed    Chap,  IL^ 
in  11   by  ilw  action  ot  the  heat.     It  appear?  also  that  a   Rcaned 
Vkmw  subfttance,  having  a  peculiar  agreeable  smell,  is 
deveioped  ;  but  the  nature  of  this  new  principle  has  not 
jret  been  asccrtamed.     It  is  developed   alio  by  roasting 
barley,  beaos»  and  a  great  variety  of  other  vegetables,  , 
icb  are  on  that  account  occasionally  employed  as 
ibstitutcs  for  coffee. 
An  elaborate  analysis  of  coffee  has  lately  been  pub-> 
lisbcd  by  Paysse.     He  examined  with  particular  care 
|]»e  bitter  principle  of  cofilc,  first  pointed  out  by  Che- 
Sievix,  and  has  endeavoured  to  show  th^t  it  is  in  reality 
a  peculiar  acid,  to  which  he  has  given  the  name  of  coffi^ 
iuid>     It  reddens  vegetable  blues,  but  in  other  respects 
does  not  seem  better  entitled  to  the   name  of  add  than 
imnin*     He  detected  in  cofiee,  besides  this  substance,  a 
quantity  of  nlbumen,  i^tn,  and  extractive.     It  contains 
a  ^rrzt  proportion  of  matter   insoluble  in  water.     Its 
ic%  yield   muriate  of  potash  and   carbonate  of  iime« 
iyssc  could   not  succeed   in  ascertaining  the  presence 
tannin  in  roasted  coffee.     When  cofiee  is  distilled  it 
[ieUS|  according   to  him,  an   acidulous  water,  a  thick 
'Own  oil,  and  carbonate  of  ammonia.      Very  little  ga- 
seous matter  was  obtained  *. 
U.  Coco.     This  is  the  fruit  of  the  cocos  nuci/era,  Coco. 
of  the  most  valuable  vegetable  productions  of  In- 
A  detailed  account  of  the  management  and  pro<- 
of  this  tree  have  been  published  by  Le  Goux  de 
f  ^  but  we  are  still  unacquainted  both  with  the 


*  AMtt^igCUm*  lit.  196, 

\  Flui,  Mag,  XX,  316 ;  and  «L  77,  and  itc. 
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*»^  ^'  amsriments  and  chemical  properties  of  the  nott.  The 
niter  coat  is  fibrous,  and  formed  by  the  natives  intoex* 
oellcnc  cordage.  The  kernel  contains  ft  oontidcraUe 
pcDportion  of  fixed  oil,  used  bj  the  Indians  for  Iftmps  *• 

15.  Almonds.      This  is  the  fruit  of  the  mmjgUm 
€omimuujf  used  both  as  an  article  of  food  and  in  medi- 
cine.   There  are  two  kinds,  the  Utter  and  iWMf.     The 
laner  consists  chiefly  of  fixed  oil  and  starch,  or  ftlbiUNa ; 
riietnists  have  not  yet  ascertained  correctly  which.  Biu 
ler  Almonds,  besides  these  two  substances,  probably  ooo- 
caic  also  a  portion  of  bitter  principle.     Prasaic  acidii 
likewise  a  constituent  of  them  ;  but  hitherto  almoiidi 
tare  not  been  subjected  to  a  regular  cheaiical  aoalysk 

16.  Nutmeg.    This  is  the  seed  of  the  mjrutica  wmh 
etata,  a  tree  which  is  cultivated  in  the  Aiistic  ]slaadi» 
The  covering  of  the  nut  is  known  by  the  nameof  smrp. 
The  nutmeg  varies  in  size  and  figure  ;  it  is  farrowed  oi 
the  outside,  and  greyish  brown  internally.     Thoae  tint 
want  white  streaks  are  the  best.   From  the  cxpeiimcaU 
of  Neumann,  we  learn  that  this  substance  oootiiiis  two 
species  of  oil  ;  a  volatile  oil,  to  which  it  owes  its  pccn* 
liar  smell  and  taste,  and  which  in  his  trials  amounted  to 
about  ^\.d  patt  of  the  nut  ;  and  a  solid  fixed  oil  reKfll- 
bling  wax,  and  amounting  to  about  f  d  of  the  nutflMg. 
He  detected  also  a  quiintity  of  gumf  ;  and  it  is  peoba— . 
bio,  from  the  appearance  of  the  kernel,  that  itcootaiism 
likewise  starch.     By  expression,  the  solid  oil  is  sepa^« 
rated,   and  mixed  wi:7^  the  vohtile  oil.    In  that  state  ^t 
is  sold  under  the  name  of  ci/  of  mace. 
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n.  Pepper.     This  is  ihc  seed  of  ihc  pificr  nigrum^     Chap.  iL 
sbrob  citttivated  m  India  for  the  sake  of  its  berries.   Pepper. 

SJis  outer  coat  is  of  a  dark  brown  colour  ;  when  deprived 
bf  hp  the  berry  is  known  by  the  name  of  white  pepper. 
Pepper,  when  macerated  in  cold  water,  does  not  lose 
lis  ahrtvelled    appearance.       The  infusion    acquires  a 
irown  colour,   reddens  vegetable   blues,  and  has  both 
j       ihc  taste  and  odouf  of  pepper.     If  we  repeat  the  mace- 
m^n  a  nnmber  of  times,  the  liquid  still  continues  to 
acquire  a  colour,  but  it  ceases  to  have  the  smell  and  ila. 
voor  of  pepper.     White  pepper  does  not  communicate 
any  colour  to  water.    Hence  the  colouring  matter  must 
reside  in  the  outer  coat.     It  possesses  most  of  the  pro- 
pefties  of  extractive.     When   pepper  is  macerated  in 
adcohol,  the  liquid  acquires  a  light  yellowish  green  co- 
lour.    When  distilled,  it  leaves  a  green  coloured  mat- 
partly  resinous,  and  partly  oily.     This  oil  is  the 
>UTce  of  the   odour  and  taste  of  pepper.     Its  taste  is 
tremely  hot,  and  its  smell,  when  dissolved  in  alcohol, 
and  diluted  with  water,  extremely  pleasant.     It  pos- 
tenes  nearly  the  properties  of  volatile  oil.     When  wa- 
ter is  boiled  for  some  time  with  ground  pepper,  it  ac- 
^res  the  property  of  forming,  with  the  infusion  of 
ini1|alls,  a  precipitate,  which  dissolves  again  when  the 
Squid  is  heated  to  120*',      Hence  it  contains  a  portion 
of  narch.     These  three  substances,  starch,  oil,  and  ex- 
tractive, are  the  most  remarkable  of  the  constituents  of 
J»ppcr», 

18.  Anatto.    This  pigment  is  obtained  from  the  seeds   Anatto^ 
>f  the  bixa  ortllana^  a  tree  cultivated  in  Guiana  and 
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-   •■ -'  ;i-:5  cf  the  West  Indies.     When  ripe,  tlic  cap- 
*.*i.ei    a-:    7-t?hered,  and  llic  seeds  being  separated,  arc 
pc'::i=c,    sv.e:,ed  in  water  fnr  weeks  or  months,  ihcn 
i.-;  :;--:d   ; ..  the  press;  and  the  colouring  matter  thus 
--:i..:td   is   sL:7=rti  to  subside,  collected,  and  dried,  A 
i' r-rt'  p-:ciis  has  been   lately  proposed   bj  Leblond. 
T"-;  I'.'Z-ir.z  Sitter,  which  is  confined  to  the  surface 
--      1    :t!:.:3  ?cf  Pirated   by  maceration  and  washing, 
«:  -    .     1    •   -:.rr.  d^wn  fitm   the   water  by  an  acid*. 
-*-  .    :    :    .:-!';.  Ir,   hard  cakes,  brown  without,  and 
■    -   ".    -.  _ .     1:  -!j;j'.ves   much  more   easily  in  alcohol 
.-    .  V.  ;.Lk   alkaline  Icy^^  di<isalve   it  like- 

T  __    .     .  ..     Ti.e  decotiion  ol' anatio  has  a  pc- 

r.     ..      -        -    .   1    iij^i^recable   taste.      Its  colour  is 

■  .   i. !•../;. Lb  rindcr  it  orange  yellow;  and 

-   :-   :;   :l.-j   i.cids  tlirow   down  an  orangc- 

.     :    :.    .  .  :::.'-.       The  chemical  nature  of  this 

,    :       ::   '.-   ^  :• ::  been   ascertained,  though  it 

.     zk.    ;..:vi:i:L^.a:c     between   extractive  and 

^  .-  i'  . :"  liiL-  thytohicca,  dec  an  Jr  a.      These  bcr- 
i  .ai:i:i    purple  colour  to  water,  of  a  very 
-iw'.      A  Lw  drops  of  lime  water  change  it 
^  .  .1.:^:  :!iis  y^^Hinv  liquid  is  the  most  delicate 
••'-      .  crto  observed.     The  smallest  quantity 
-     "vs  i:.  purple  colour.     Braconnot,  to  whom 
■.^      .  '•.v-.i  \.r  tlit'M-  obiL-rvutions,  has  shown,  that 

.;    -         .    ^    '    -.1  :inKi  n-i  (ielicate  as  the  infusion  of  lil- 
•jiL.>.      'v     ..  ■  i.Ki.iu :v  it  iil:crs  iii  nature  in  a  few  hours. 
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mnd  then  loses  its  delicac/  as  a  reactive.    It  can  only  be      Ch»p>  ir^ 
used  whco  recently  prepared  *, 

20.  The  seeds  of  the  lycopodium  clavatum^  or  commoti  ^^^^  "'*'*•' 
club  mosSf  have  been  long  remarkable  for  their  com* 
bustibiljtjTt  They  arc  extremely  small  ;  and  when 
blown  into  the  Hame  of  a  candle  they  take  fire,  \^ith  a 
small  erplosion,  and  are  used  in  theatres  to  imitate  the 
appearance  of  lightning.  Thty  have  been  lately  sub- 
^  jcctcd  to  chemical  analysis  by  Bucholz,  From  1000 
^Kparts  of  the  seeds  tie  obtained  60  parts  of  a  fixed  oil, 
^Hw>fl]ble  In  alcohol  like  castor  oil ;  30  parts  of  sugar  ; 
^R5  of  a  mucilaginous  extract.  There  remained  a  mat- 
ter insoluble  in  water,  alcohol,  ether,  oil  of  turpentine, 
aitd  alkaUne  leys.  Bui  when  boiled  ^ith  the  last  of 
lliese  agents,  ammonia  was  disengaged^  and  a  kind  of 
cstfivcl  formed •  When  iJOOO  grains  of  this  substance 
wete  distilled,  tbey  yielded  290  ounce  measures  of  gas, 
which  was  a  misture  of  carbureted  hydrogen  and  car- 
bonic tcid  ;  10 SO  grains  of  a  brownish  oil,  containing 
imiAoQia  I  330  grains  of  a  watery  liquid,  holding  aco» 

te  of  ammonia  in  solution.  The  residue  in  the  retort, 
lOonting  to  310  parts,  had  very  much  the  appearance 
anthracolite.  When  the  insoluble  part  of  the  seeds 
wms  boiied  in  nitric  acid,  a  portion  of  oil  soluble  in  al» 
coHol  was  likewise  formed  +, 


^  Jtmm.^am.Ul%U 
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for  an  analysis  of  this  substance,  published  however  at     ^^^P-  ^^ 
a  very  early  period  of  hii  chemical  career.     By  treat-  ' 

ing  the  pulp  of  tamarinds^  such  as  they  are  sold  by  the 
upothecaries,  first  with  cold  water,  and  afterwards  with 
hot,  he  separated  the  following  substances  *  ; 

Supertartrate  of  potash     300 

Gum ..,•« 432 

Sugar •«.«••«««* 1152 

Jelly ♦„„„     57G 

Citric  acid  .*•*.••...»,.•     B64 

Tartaric  acid,, «.»•     144 

Malic  acid* *«».•«• 40 

Feculent  matter 2680 

Water. 3364 

9152 

2.  Groj^f J. —Though  grapes  have  been  repeatedly  Grapes.  ' 
examined  by  chemists,  we  arc  not  yet  in  possession  6f 
an  accurate  chemical  analysis  of  their  constituents.  It 
hmB  been  ascertained,  however,  that  they  contain  super- 
larti^te  of  potash,  tartaric  acid,  citric  and  malic  acids f* 
Tliey  contain  also  abundance  of  sugar,  a  portion  of 
iicilage  and  jelly ^  some  albumen  and  colouring  mat« 
r,  and,  according  to  Proust,  a  portion  of  gluten* 
Pears,  apples,  lemons,  oranges,  &c.  have  not  yet 
subjected  to  a  chemical  examination.  The  few 
which  have  been  ascertained  respecting  them  are 
iled  in  a  different  part  of  this  Work, 
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I  to  ihc  Boairf  of  AgficuUttfe  9  vmluable  csstiy  Chip.  & 
OQ  polatocSf  ooniaiiung  a  scl  of  cfacmic«l  experiments 
00  ibroDt  {i^tfbrmed  with  hip  usual  skill  and  ingenuitjr  | 
wad  W€xy  IftteJj  Einhof  has  published  a  very  elaborate 
anaJjrsU  nf  ibc  root  in  the  iourth  volume  of  Gehieti*a 
joiiroftl. 

The  variety  of  potgtoe  which  chteAy  occupied  the 
atteniun  of  £iiohof>  nrat  that  whiah  has  a  red  skin  and 
ikahi  riilfnirrrf  juice.  When  dried  by  a  moderate  heat| 
till  tfaey  ceased  tp  lose  any  vreighti  potatoes  were  redu- 
cerfto  |th  af  their  original  weight^* 

71i£  acudysis  of  this  root  was  conducted  by  Einhof 
jMmtty  much  iu  ihe  ^ane  maootr  as  his  analysis  of  bar. 
ley  and  rye.  J^  daterisiiiate  quanfity  of  potatoes  was 
reduced  with  water  to  a  pulp,  and  then  washed  on  a 
iearce  till  the  liquid  ceased  to  come  off  milky,  or  to 
bold  any  thing  io  solution.  What  remained  on  the 
dolh  was  the  6brous  matter  of  the  potatoe  \  but  it  dif- 
Aerad  easentially  from  t^ie  Hhrous  matter  of  most  plants. 
VHil  lioiling  water  it  fot^pned  a  paste  similar  to  that 
hy  mcaiis  of  aiarob^  and  when  dry  it  assumed  a 
mppearance.  This  matter^  when  tri. 
in  a  iB^S^ir/ aad  again  washed  with  wateri 
|kUed  a  consider  able  portion  of  starch.  The  residue^ 
9luob  was  of  a  light  grey  colour,  being  triturated  \ 
litQad  limci  foijned  a  powder  which  bore  a  consider- 
ii»k  reiemUAOce  to  starchy  both  in  its  appearance  and 
proiKnies. 

The  liquid  with  which  the  potatoe  was  washed  was 
at  fint  milkyi  but   deposiied|   on   standings   a  heavy 


^V./^. 
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••-  ^-  V  ir.tf  powder,  which  was  starch.  When  filtered  it  had 
i  jorxiutf-red  colour,  and  reddened  vegetable  blues. 
V%~'jc:i:  Qo.'.tfd  a  Aaky  precipitate  separated,  partly  white 
md  par'Ir  red.  This  precipitate  possessed  the  pro. 
ptfr::cs  ^t  albuiv.tu.  The  residue,  evaporated  to  the 
wvr^-^r.ro?  ot  -::  extract,  had  a  brownish  colour,  was 
:u>»:*u":?.c  in  ilv\:r.cl  aiid  ether,  soluble  in  water,  and^ 
recced:- ^  :.*  Kiiihot,  was  a  muciLiginous  matter.  Th^ 
Iv-Ioa;.^^  vv^ic  the  prcpcrz'.ons  ot  these  various  sH^ 
>;xi*:v*  w-c.ii^evi  iVom  ':(5>v'  pans  of  poiatoes  : 

^  s-v^ 1153 

A  :^--:v\: 107 

;:iii;i 

V-   iSbV    -i  :       „■  :z..:-:  c:  :!r;  i^iJ  which  cxisfs    jJi 
■-•v*.-^  vc^    :"   •  v:   *e7.::i:;\:  ir.t-^zi  :z  rc:a:ce$  hy  ^ 
^v:   c  .•.-.»-  ;f.     ixi  hadn:s:  izzzzz   iri  th^rn  tbairetf 
.  V  L",    ..*  :->..!. -i:;    '.l:e   sep:=.ri:::r.      L :::«- water  was 
ivw-^w     •  ,\..>>  :,'  ::::-  l:j -■.-*.  i-i  -r  :   rrecipitste  wis 
.  ^v>.„v-     ■  -:  .-;..:  5-"."  -.^:  i.-.i.  :^-  fcranre  the litBC 
..*•  .   ,:  -w  ...      lr->  ."  *-.- zr-J.   ::  t--i^  ::c::i  to  be  a 
»:.\      v:  .*:   :.";:i-.,-  :':.   .^:>'.:::::  ic-ii  ' .     The  sap, 
.1. '^  J.- .".v  ic  .:    .>    .:,  ..   .-ri-Ts^;  :.-    tfsc^ss  of  lime    i 
.r  ,.'::■:  .-    ..-•  .'  r.     :  .•;;.      Z.?    .-:  fcusd,  thit 

-  •  *       ■■^-    ,%-■■■■    ^.:.-..  '..■    ?a  ^'mZi-z  Ts-.ih  carbonic 
.iw  w.  .-.v     .',    .      .    :  .-   r  ■-.-,    ,. .7     :-    ^IrAS  vessels; 
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•»d  that  in  process  of  time,  if  %  sufficient  quantity  of     Ch»p^it' 
^niewere  present^  the  mticilage  acquired  a  sweet  taste  ; 
^nd  when  ti-eaied  with   alcohol,  a  ponion  dissolved, 
^hich  yielded  crystals  of  sugar,      Tliis  he  considered 
^  a  coorersion  of  the  mucilage  into  sugar** 

Trom  1820  parts  of  dried  potatoes,  J^nliof  obtained  Athc^ 
dS  pafis  of  a   greyish  ^hite  ash.     Of  these,   64  parts 
Witfitsolllbte  in  water.     They  consisted  chiefly  of  car- 
boa  stte  of  potash  ;  bui^ontained  likewise  I o4>  parts  of 
pjjosphoric  acid,  3^  of  sulphuric  acid,  and  two  of  mu* 
riaric.     The  insoluble  35  parts  consisted  of  earths  and 
oxides.     From  20  parts  of  it  he  obtained 
2*S  silica 
d'O  litne 
^'*0  alumina 
*0  magnesia^  with  some  manganese  or  o^dde  of  iron. 


Einhof  examined  difTcreot  kinds  of  potatoes.  Ho 
[ifimod  the  same  ingredients  in  ail,  but  the  proportions 
varied  considerably*  It  is  not  necessary  to  stale  the 
ults  of  his  experiments,  because  the  same  variations 
^6htless  occur  even  in  the  same  kind  of  potatoe. 
\  BsLt  as  it  may  be  useful  to  know  the  quaotity  of  starch 
roished  by  difFcrent  varieties  of  potatoe,  the  fol* 
ring  table,  drawn  up  from  the  experiments  of  Mr 
rtlUam  Skrimshire  junior,  is  subjoined.  Five  pounds 
SToicdtipois  of  fresh  potatoes  were  used,  and  the  starch 
wma  separated  by  grating  the  potatoe^  and  pouring  water 
Upon  it  placed  upon  a  scarce  ^, 
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hH  p^Utoti  are  bdled^  th^  lose  (torn  one  to  Ctdj^tL 
i%  pit  £M*  of  thcif  weight*  The  juice,  winch  nif»y  be  loiluig. 
Separated  frdfH  thefh,  is  sUfCci-taiWd.  The  mcti  is  in* 
iMuble  ^ren  Id  botling  water,  though  potatoe  starch 
ferret  z  tttdtpafttrt  solutrda  with  hot  wsit^.  Thus  ti 
^Bcurf,  ffiit  by  bdiling,  the  iFbumefT,  flbroufl  niattef, 
W  surth  e^tiibitie  tcgether,  ztiA  fottn  mi  msolubb 

FfoAi  tJIrie  eatperim^nts,  it  »ppetr«  thti  p<5<atoes  dif- 
K  essentially  frorti  wheat  and  batlcy  by  coniainrng  nn 
B^^*  They  ap^oich,  la  some  measure,  ct>  the  nm< 
rre  of  fye. 

**  Garft?,— THs  it  the  bclbmis  part  of  the  toot  of  ^^j 
le  «il?a/jw  sativttm,  and  is  well  krto%vn,  and  fethatkable 
1^  1(1  strong  smell  and  peculiar  taste.  It  was  much  ce- 
Bbfed  by  the  ancieots,  both  as  an  article  of  food  and 
i  m  medicine.  It  has  been  repeatedly  examined  by 
IW^fhUti,  The  aaalym  of  Netimanfi,  ooiisideting  the 
HMe  of  the  art  of  examining  vegetables  at  that  time, 
feuii  be  etWsidered  ai  very  exact  f.  Cidet  ha^  lately 
Injected  it  to  a  chemical  examination  t. 
^^Then  dried,  it  loses  nearly  iwo-thifdsof  itf  weight ; 
but  this  proportion  is  doubtless  subject  to  considerable^ 

vuiaiiofi.  The  expretsed  juice  of  garlic  it  of  « tliick 
conibteMt  like  ftiucilage,  and  slightly  reddens  vegeta- 
ble Uuea*  When  diluted  with  water,  and  filtered^  it 
fielda  iakes  of  albumen  when  boiled.  The  rtaidue 
ztkutist*  chiefly  of  inucilage,  of  which  garlio  yields  a 
rery  gr««t  proportion,  and  of  extractive,  Thia  last  is 
iwbil  acrid  in  its  nature.     When  garlic  ia  distilled 
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From  1405  parts  of  fre&h  garlic  he  obtained 
Mucilage  •••••*.•..   520 
Albumen  «••».««••»»     31    , 

Fibrous  cnaUer 4S 

Water,  by  e&timaic  •  • .   SOl 

1406 

3.  Omom*     This  is  the  bulbous  root  of  the  allium  <v-  Onim 
p€i*     A  few  expefioients  on  it  had  been  made  by  N;£U« 
xnanri  and  Cadet.     But  Fouxcroy  and  Vauquelin  have 
latelj  published  a  very  curious  and  accurate  analysis  of 
WHen  reduced   to-a  pulp,   and  subjected  to  the 
ess,  it  yields  a  viscid  juice,  somewhat  opaque,  at  first 
colourless,  but  becoEniug  gradually  red  in  consequence 
c^  the  oil  which  it  contains.     It  has  a  strong  smell,  and 
reddens  vegetable  blues,      Itis  precipitated  by  acetate 
of  lead,  lime  water,  oxalic  acid,  nitrate  of  silver,  and 
^tasb.   When  distilled  it  yields  a  milky  liquid,  slight- 
Jjr  acid,  oQ  the  surface  of  which  swim  some  drops,  of 
oil,    h  contains  a  little  sulphur  dissolved  in  th^  oil  ^ 
for  oxymuriatic  acid  gives  it  the  properly  of  precipi- 
taiiog  nitrate  of  barytes,  and  when  distilled  in  a  copper 
ve&sel  some  sulphuret  of  copper  is  formed.     The  poiv 
lion  of  juice  not  distilled  deposites  a  fawn  coloured  se- 
diment, having  a  strong  oniony  odour.     Alcohol  de- 
prives this  sediment  of  oil  and  of  sulphur  j  the  residue 
H^pejias  to  possess  properties  analogous  to  those  of  gluten. 
^Phe  liquid,  from  which  this  precipitate  has  separated, 
^t*il tains  phosphoric  acid,  sulphur,  and  gluten, 

^Vhen  onion  juice  is  kept  at  a  temperature  between 
^^^  and  10^  it  emits  no  gas,  but  it  changes  its  colour 
succesMvely  to  red  and  yellow*,  and  lets  fall  a  fawn  co- 
"Ured  i^diment.     It  is  now  converted  into  vinegar  stiU 
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0  9     LtCHM  ¥  i. 


BSiiM  tre  z  clan  of  plants  which  difltr  almost 

respect  from  orher  vegetables*    Mtmy  of  therh 
t!i#  ^maltest  appearanee  of  plants^  but  fofM 

»ts,  which  cover  rocks^  wood^trees,  &cc. ;  others 
a  €rf  kttires  or  bi  brwiche*,  but  nothing  re- 
Wfs  IS  TistWc,     It  Was  to  Totirncfort  tnd 
li  thit  'bWtojr  is  indebted  for  first   fixing  the 
w,  formerly  vague  and  ill  defined,  to  a  pecix- 

of  plarits*  Afirrv^ards  Ltnnaetis  placed  thctn 
'the  alg»i  and  described  81  species,  Stncc  thrft 
^grtat  variety  ef  botanical  wt iters  have  devoted 
Ifrable  Attention  to  them,  p^rticularTy  in  aseer** 
ftnd  detCffWng  their  parts  of  fructification^  and 

liiis  chaoiJcs  which  they  undergo  in  the  diflcf. 
ii^  of  their  vegetation  ;  but  few  only  have  at- 

fo  arta}yse  them,  or  to  point  out  the  useful  pur. 

which   they  may  be  applied.     Willemet   has 
Liu  a  historical  aceoutit  of  41  species  of  lichens, 
tailed   their  medical  and  economical  uses  with 

able  accuracy.  Amoreux,  in  a  dissertation  oh 
bjccf,  has  given  us  still   more  copious  detail, 

published  likewise  a  brief  chemical  analysis  of 

the  most  remarkable  lichens.     Hoffmann^  who 

riously  distinguished  himself  by  his  botanical 
smcot  of  tht  lichens,  published  au  account  of 


t%JL  PARTS  or  PLANTS. 

BtfklV.     their  chemical  and  economical  properties  in  1787»  and 
has  given  us  the  chemical  analysis  of  several,  made  bj 
Gcorgi  with  considerable  care.    Westring  turned  his  at- 
tention particular]}'  to  the  uses  of  the  lichens  in  djeing; 
and  in  seven  disstrtationsy  published  successively  io  tiic 
Stockholm  Transactions  from  17(^2  to  1707,  has  exa- 
mined almost  all  tlie  lichens  of  the  norths  and  described 
the  colours  which  each  of  them  is  capable  of  yieldiog, 
j^g^^     and  ihe  manner  ot'  obtaining  it.      It  is  to  these  writers 

and  to  Gcorgiy  that  we  are  indebted  for  the  few  Ac^^^;^ 
known  respecting  the  composition  and  chemical  prope^^-. 
lies  of  the  lichens. 

The  lichens  are  found  in  all  countries  and  rlimitw  i^ 
and  are  very  numerous ;  considerably  more  than  t^^^o 
hundred  species  have  been  described  by; botanists  as  t^ 4- 
tivts  of  Britain. 
Some  1i'  From  the  experiments  of  Georgi,  professor  of  cte^ 

mibiry  in  Petersburg!!^  we  learn  that  the  Itcben  fari* 
naccu:iy  glaucus,  and  physodes,  form  with  water  %mac> 
lagc  which  yields,  when  evaporated,  a  gum  as  transptf 
rent  and  tasteless  as  gum  arable.  Lichen  pulmonsriui 
yields  likewise  a  gum,  but  its  taste  is  somewhat  bittn.  M 
The  i;urn  yielded  by  these  lichens  amounted  to  ^th oE  | 
tlicir  v^ eight.  When  treated  with  alcohol,  the  liqiul  l 
acquires  a  green  colour  and  a  bitter  taste  *•  Anaoreai|  1 
who  repeated  these  experiments,  obtained  from  the  1 
lichen  pulmonarius  a  reddish  gum,  much  less  transpa*  | 
rent  than  gum  arable.  This  lichen  gave  a  yellow  co- 
lour to  alvoliol.     Probably  he  had  examined  adiffereat 


clicua  i«.n- 
UU)  gum. 


«  Sec  the  ezpcrimcntk  of  Georgi,  as  quoted  bj  Amorem,  in  hk  In 

.'jtd\s  €t  Exp^r'teucs  sur  lei  divett  Ucbeas^  p.  94. 


that  tried  hy  Georgi,  or  if  not,  the  lichens 

iiU  bave  been  of  very  diiTcreat  a^es. 
Amorcux  fouod,  rhat  when  the  lichen  prunastri  was 
|^{icd  m  water,  its  bratiches  became  transparent  like 
I     *       iiibrane^  and  adhered  strontjly  to  paper.     In 
5  I  is  insipid,  but  as  friable  a:>  ccJerj.     He  ob* 

Uined  abuiidaocc  of  gam  from  the  lichen  islandicus, 
aad  from  all  the  broad-leaved  lichensi  tried*  He  sue- 
edcd  in  cjctracting  gum  from  the  lichen  fraxincus,  ca- 
lus,  aod  c;iperatu$.  This  last  gave  a  kmon  yellow 
our  to  ammonia ' 

jC''  ],  that  when  the  liclieo  physodes,  hittusi   Some  may" 

tinAu^  ,  -  J  pulroonarius,  were  boiled  in  water,  ihey   j'^"'*ctl3i 
dcd  a  jeUowijib  mucilage  nearly  insipid,  and  that 
rlicbcns  Uiua  treated  might  be  eaten  with  &alc.    They 
1  yielded  a  portion  of  resin   ro  alcohol,  but  it  did  not 
ibe  water  in  which  they  were  boiled*     When  jn- 
doerated,  these  lichen) yielded  a  little  potash,  Ume^and 

Kca,  but  no  sulphuric  or  cnuriatic  salt.  When  dis- 
tdf  they  yielded  an  acidulous  water,  and  a  yellow  or 
ckish  oil  which  sunk  in  water. 

Such  are  the  imperfect  experiments  hitherto  made  on 
constituent)  of  a  few  of  the  lichens.     1  shall  now 
irilion  such  of  them  as  are  most  remarkable  for  the 
>iirtiig  matters  which  they  yield, 

[•  Lithett  rocctl/am^-This  iichcn  which  grows  abund-   ArdiJt 

ly  in  the  Canary  islands,  but  which  is  found  also  or 

(south  coaM  of  England   and  France,  yields  the  dye 

Tcallcd  archil*     If  wc  belief  Tournefort,  this  dye 

'  was  known  to  the  ancients,  and  was  employed  to 


^Ikc  the  etperimenti  of  Ceor^t,  ms  quoted  by  AmorcuY  in  hii 


f^tmwi* 


momitc,  it  yielded  a  brown  colouring  matter  to  West,- 
ring. 

4*  LUbtH  ventQsm* — This  lichen   dyed  wool  of  a 
brown  colour^  which  resisted  the  sction  of  alkalies. 
5*  Lichen  hamaioma  yielded  a  wax  yellow  colour. 
6*  LUbtn    c^ralifim.^^This  lichen  was   found    by 
Weslring  to  abound  in  colouring  matter.     By  simple 
Ififusioo  in  water  with  a  little  commoo  salt^  it  dyed 
wool  yellow.     Without  addition ,  it  gives  a  deep  brown 
of  considerable  permanence.  It  yielded  the  same  colour 
mbm  fr«at«d  with  s^l-at^oioniac  and  iixne. 

T*   Lichen  psekih*c^rralinut  yielded   a   fia€  orange, 
wkicli  was  bnghtened  by  viariate  of  cob^t* 
§«  Li€hen  tariareut  yielded  a  fine  brown. 
#^  Lkhtn  eeHtrifugut^  with  fijc^d  alkalies,  yielded  a 
tucwia  yeHow  i  with  water,  a  brown  i  with  cooioioo 
eidt  and  nitre,  an  orange. 

IMs  Liehem  toxaiiUi n^^Tim  Kcheti,  with  soda,  yields 
A  yeUow  i  with  lime  and  sal-anunoniaci  a  nanke«n;  and 
ibith  muriate  of  soda  and  niire,  an  orange* 

tl.  tithen  fyhysoda,  by  tlie   saiDc  reagents,  yields 

various  shtdes  of  yeliow  and  brown  ;  lirheft  JuM^eri' 

iK^,  yeHow  end  brown  ;  tithe/t  iemeiius,  yeHow,  oliirey 

*a<l    fiddish    brown  ;   lichen  furfuractus^  yellow    and 

4i«MMi.     The  Htne  colours  were  obtained  from  a  con* 

^^t«ble  nniDber^f  leafy  licbem. 

MJiAm  €rtfewmi,  with  lime  and  saUanmofitac,  gave 
OOft  a  red  colour.  Wcstring  obtained  several  colour* 
frooi  other  lichens ;  and  by  mixing  several  of  them  to« 
gethcT,  ht  varied  the  shade,  and  produced  a  new  set  of 
colours,  differing  both  in  thejr  intensity  and  fixity. 
Eul  for  the  particulars  of  his  numerous  mtperij&ents^ 


Other  ti- 
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OF    MUSHROOMS. 


X  HE  mushrooms  are  a  class  of  plants  proverbial  £>r 
the  rapidity  of  their  growth  and  their  speedy  decay. 
When  they  putrefy,  they  give  out  an  extremely  no* 
pleasant  odour,  and  appear  to  approach  animal  matter 
much  more  closely  than  otlier  vegetable  substances.  A 
chemical  analysis  of  the  more  remarkable  specks  wooldi 
be  curious,  and   would  probably  make  us  acquainted 
with  several  new  substances  ;    but  hitherto,  as  far  as  1 
know,  the  following  species  only  have  been  chemicalljT 
examined. 
1k\ttu%  la-         1^  BoUtuslaricis. — This  plant,  in  a  dry  state,  isose^d 
on  the  continent  as  a  medicine,  and  sold  under  the  name 
of  agaric.     U  has  been  lately  examined  by  Bouillon  la 
Grange  t- 

It  is  in  pieces,  which  are  w*hite,  light,  and  friaUe. 
The  outer  skin  is  leathery  and  dark-coloured.  Its 
taste  is  at  tirst  sweetish,  but  it  leaves  a  bitter  and  acrid 


ricit. 


*  The  first  has  bcrn  tmisLitcil  into  French,  and  printed  in  Tob.  x?* 
and  xy'\i  o(  the  .UmJ/j  ^i  Ctimu»  The  othert  are  inserted  in  Crdl'i 
Anndtt  for  I  ;96,  1 797,  ud  1 799. 

t  Amm,  4%  Chim.  li.  76. 


MUSIfROOMS. 


jllon  in  the  mouth.      When  steeped  in  water,  it     Chtt>^  It^^ 
knictites  a  ycllowiih  colour  and  a  sweetish  tastte 
lliqtiid*     The  infusion  reddens  vegetable  bluet*; 
Ids  in  solution  sulphate  of  potash,  sulphate  of         * 
lid  tnurtate  of  potash* 

m  this  substance  is   boiled  in  water,  the  liquid 

es  a  gelaiioous  form  as  it  cools.      Evaporated  to 

\f  and  treated  with  lime,  the  odour  of  amtnonia 

ts  perceptible*    Alcohol ,  boiled  upon  the  boletus, 

t5  a  red  colour;  and  when  mixed  with  water, 

B  a  copious  precipitate,  which  exhibits  (he  prb- 

loCa  reiiin.     This  resiti  has  a  jrellow  colour,  is 

\  semitransparcnt,  and  has  a  sour  and  bi'.ter  taste* 

'  treated  with  lime,  and  the  solution  afterwards 

bosed  with  iriufiatic  acid,  a  qnantit j  oT  benzoic 

^obtained  from  it.      From  these  experimchts,  it 

kit  that  ibis  substance  contains  resin,  benxofc 

tiiFcTent  salts,  some  extractive,  and  some  animal 

tp  whicli  the  gelatinous  form    of  the   decoc- 

st  be  ascribed* 

khuric  acid  dissolves  and  rapidly  chars  the  boletus. 

acid  acts  with  energy  j  nitrous  gas  is  disengaged, 

B  boletus  becomes  brown.      By  continuing  the 

of  the  acid,  crystals  of  oxalic  acid  are  obtained'; 

tcid  b  likewise  formed,  together  with  some  r^- 

id  a  substance  which   approaches  the  nature  of 

it«  properties.     The  fixed  alkalies  give  it  a  red 

tender  it  gelatinous,  and  a  great  quantity  of  am- 

ti  ditetigagcd  ^. 

^^him  rjffvf ariW.— This  boletus  is  not  uncora-   Bjctiiiiie* 


•  BOttiilgnU  Oran)^,  Atttf*  ik  tbm.  E  74 
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■^  rrs-iTi-  yiri^^.    cf  the   boieCuE,  I 
c  uc  cjcluz  pcc«;»CAit&  of  limt 
■B#i  Mcoe  iror.. 

.\Ii:o>:iGJ  Lk*  kcarc^ir  ^s-y  actios  os  :ia>  aocssf  bt 
«s«:c  a±w^:ed  L/  ocft?,  i:  d:uo»%-e«  i,  smat  MiMif 
Kftui.  N::r;c  u.^i  d.f  solves  ic  re^c^lj  ^  zbaIkmi^ 
lie  acids  are  foroicd,  aod  probablj  alw  a  Maaa  l( 
huurr  priiAcl^ley  wcile  caxbocic  acid  sod  iuras|Pi 
■re  dikcnga^ed.  Aikaliae  lejs  dissolve  i:  msifi* 
ctihj  ;  forzjr.g,  however,  a  scapj  ilqaic,  b&c  >gpa. 
tifif  a  souil  poriio.i  ot  ammonia.     From  litnt  tsge^ 


«  ^ff«.  dt  dim*  Uv.  9A, 


tneulS)  we  learn  that  this  boletus  differs  in  cnaitjr  respects 
I  from  the  preceding.      It  contains  much  le&s  resin,  and 
[  a  much  smaller  proportion  of  animal  matter^  and  jields 
QO  traces  of  benzoic  acid  ** 

3*  Lycefirdon  tubtr^  or  tuber  ciharitim  ;  rnj^/,-^»Tliis 
is  a  globular  fungus  found  four  or  Eve  inches  under 
ground,  in  woody  places,  and  is  considered  as  one  of 
the  best  of  the  eatable  mushrooms.  Bouillon  la  Grange 
baa  latelj  subjected  it  to  a  chemical  analysis  f .  It  was 
Attempted  nearly  in  the  manner  formerly  described  for 
^■jextaming  the  constitnents  of  the  different  species  of 


It  was  grated  down  small,  and  then  washed  with  wi* 
ter  upon  a  scarce,  till  the  liquid  ceased  to  carry  off  any 
thing.  A  blackish  fibrous  matter  remained  upon  the 
The  tiqnid  Jet  fall  a  brown  coloured  matter 
left  at  rest.  The  liquid  produced  no  effect  upon 
bte  blues*  The  brown  deposite  does  not  re- 
^ble  starch  in  its  properties.  Water  produces  but 
effect  upon  truffles*  Warm  water,  however,  dis- 
a  a  portion,  which  possesses  the  characters  of  al* 


Chip.  It 


Tnjfflc*. 


the  plant  wis  treated  wiih  nitric  acid,  a  solu- 

acGomplished  i  nitrous  gas,  carbonic  acid,  and 

c  gas  were  disengaged  i  and  the  solution,  by  distil.* 

yielded  a  liquor  contaiifing  prussic  acid.     The 

doal  liquid  yielded  bitter  principle,  an  oily  matter, 

ttnall  crystals,  which   Bouillon  la  Grange  const* 

ts  t  combination  of  oxalic  add  and  bitter  prin* 

Re  suspected  also  the  presence  of  malic  acid« 


t  Bouillon  b  GrangCf  Afm^de  Cldm*  liv.  91, 
i  Ann,  Jt  CMm,  fXil  1 97. 
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Alcohol  d!s8olTe«  ■  8ni«U  poitton  of  brownttb  Uteer 
mttter,  which  icquircs  ihc  properties  of  rcrin  by  expo- 
sure to  the  atmosphere. 

When  truffles  arc  left  in  the  State  of  a  paste  with  wi. 
teri  they  acquire  the  smelt  of  cheti«.  Wbea  aiied 
with  lugar  and  water  thcj  undergo  fermentttiotiy  car- 
bonic  acid  is  dtseng^^igcd,  tuid  alcohol  formed* 

When  diiitiUed,  trnflks  yield  an  acid  liquidp  a  black 
oil  I  cctrbooftte  of  ammonia,  carbotiic  Mid,  atid  ctrbafK- 
cd  hydrogen.  The  charcoal  contains  magtiesifti  pho»- 
phate  of  limCf  iron,  ^nd  silica  *. 

Several  experiments  have  been  likewise  madevpoa 
this  plant  by  Robert  and  Antobe,  which  coofifm  those 
of  BoMillon  la  Grange* 

4.  jigariius  pipcratus^^^ftam  the  obiervatioas  of 
Trommsdorf,  we  learn  that  this  plant  contains  a  gMt 
portion  of  a  peculiar  acrid  matter,  and  abundance  of  il* 
bumcu.  When  distilled  it  yields  a  considerable  qoao* 
tity  of  carbonate  of  ammonia  f  •  This  mushroom  wtt 
examined  by  Dr  Lister,  and  the  result  published  in  ih 
Philosophical  Transactions  for  1072  t-  He  found  thc9 
to  yield  a  milky  juice  with  a  taste  hotter  than  pepfQi 
not  discoloured  by  exposure  to  the  air,  nor  by  the  bbda 
cf  a  knife*  This  juice  tpeedily  coagulated  when  keft 
in  a  glass  vessel,  bat  did  not  lose  its  hot  taste. 

Though  this  is  the  only  species  of  the  Dumerout  h* 
miXj  of  agarics  hitherto  subjected  to  chemieal  aoalyiii^ 
many  others  are  highly  deserving  of  attemion*  lT» 
agaricMs   campistru^   coridctnf,   dtHciofuSf    and    a   few 


■  Bouilloa  li  Gnmge,  Amn,  it  C^hf,  iItL  X97. 
f  Jmm*  it  CUm.  xiii.  aiD,         \  VoL  vli*  p.  Jlift* 
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Hthers,  «fe  very  commoQly  serv^  up  as  an  artrcle  of     ChtjviT. 

bod,  aod  form  the  basis  of  various  sauces.    Other  spc- 

iesof  agaricut,  as  the  mufcanuj^  fiperatus,  fitc.  poi- 

fesi  verjr  delctetious  qualities, 

'  Tfce  sasne  remarks  tpplj  to  the  difierent  species  of 

&8rff*      Much  curious  information  might  be  expected 

totB  Ae  analyses  of  the  phaUus  tsculentus  and  the  phul* 

In  mfmStur^  so  remarkable  for  the  abominable  odoar 

rhich  it  diiliises  all  around,  and  for  the  suddetiness  with 

rhidi  il  foaa  to  potrefaction. 
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m  now  given  sach  an  account  of  the  parts  o 
^aois  nthe  present  imperfect  state  of  vegetable  chemis- 
^pennttted,  it  remains  for  u9  to  point  out  the  new 
lobitances  generated  in  plants  bjr  disease,  and  to  de- 
laibe  the  properties  of  these  substances.  But  though 
ihe  diseases  of  plants  are  numerous  and  well  marked, 
lad  though  the  effects  which  they  produce  on  those 
Iregetables  which  are  employed  as  articles  of  food  are 
)jhm  severely  felt,  yet  little  progress  has  been  made, 
jblKr  ia  aacertaining  the  nature  of  these  diseases,  or 
|i^  method  of  preventing  or  removing  them.  The 
illowiitg  arc  the  only  observations,  strictly  chemical, 
\  can  be  at  present  offisred  : 

T2 


iiV. 


DisEAftEi  or  PtAim* 

1.  Old  trees  are  frequently  afteted  with  m  kiad  of 
ulcer,  the  chief  seat  of  v^hich  i%  iwder  the  bark*  Tbem 
the  juices  undergo  a  change,  and  acquire  a  certain 
acridity,  which  enables  ihem  to  corrode  and  deslrey 
the  solid  parts  of  the  plant*  We  are  indebted  to  Vau* 
quciia  for  an  ejtamination  of  the  sanies  or  morbid  U* 

Lqutd  which  fiowi  from  the  ulcer  in  these  cases*  He 
collected  the  matter  which  be  examined  from  the  tlm, 
which  is  particularly  subject  to  this  disease  ^«| 

This  liquor  is  sometimes   nearly  transparent  like 
water^  and  having  an  acrid  and  saline  taste  ,  sometii 

^it  is  slightly  coloured,  sometimes  blackish  or  h 
Tl  deposites  upon  the  sides  of  the  ulcer  a  soft  mstter, 
which  is  insoluble  in  water*  The  bark  over  which 
the  transparent  sanies  passes  becomes  white  like  chslkt 
acquires  an  alkaline  taste,  and  effervesces  powerfbOjr 

^Wtth  ftcidf .  It  becomes  friable,  loses  its  fibrous  icatuit, 
wni  exhibits  the  appearance  of  crystals*  By  means  oC 
m  gtats  small  rhomboids  and  four-sided  prisms  ciQ  U 

[tfistiQgutshcd  in  it.     When  the  liquid  is  dark  celotmdi 
bark  assumes  a  black  appearance,  and  looks  is  if 

r covered  with  a  coat  of  irarnish.     This  black  matter  i| 

[^ooiettmes  in  such  quantity  that  it  assumes  the  ap] 
iOC«  of  stalactites.     It  ia  soluble  in  water^  has  aa  ilb^ 
Vmm  taate«  and  efTcrtresces  with  acids. 

The  white  matter  which  was  deposited  on  thebitk 

Fof  Use  elm  round  the  uker,  was  found  composed  af 


00*5  vegetable  matter 
34*^2  carbonate  of  potash 
5'0  carbonate  of  limo 
0*3  carbonate  of  tnagnestm 


100*0 


lack  shining  matter  consisted  of  carbooate  of 

nd  a  peculiar  siub&tance  which  possessed  most 

|M)enie8  of  gum^  though  it  dlBfeted  from  that 

■I  several  particulars, 

■iructive  tendency  of  such  ulcers  in  trees  \b 

^obvious*      Vauquelia  has   shown^  that  to 

bhc  quantity  of  white  matter  which  surrounded 

■F  the  elm,  and  on  which  he  made  his  expe- 

pOO  lbs  weight  of  the  wood  of  the  tree  must 

Mestrojed  ^. 

p  blight  is  a  disease  which  attacks  the  di^ereot   BUght  in 

F  com,  especially  wheal,  and  in  some  seasons 

estroys   the  crop.      It   begins  first  upon    the 

d  stem,  and  at  last,  attacking  the  seed,  destroys 

ible  part,  or  even  the  whole  of  it,  leaving  a 
r  in  its  place.     Botanists  have  shown,  that 

riaatter  is  a  species  of  small  fungus,  which 
urtshment  from  the  wheat  f.     The  wheat 

1  with  the  black  fungus  has  been  lately  exa* 

^ourcroy  and  Vauquelin,  in  order  to  ascer* 
the  experiments  of  former  chemists  were 

lie  result  of  their  examination  has  bceu  pub- 


fecoottt  of  ihii  fungiu,  with  figuret  of  it,  tod  iagcakii* 
pectiog  it»prop£;»tJOfi,  by  Sir  JoKph  Banki.     Ni(iMila«i*i 
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:e  vrftnc  vms  macersted  with  alcohol,  it  gare 
!  «t  acrid  oil,  of  the  consistence  of  batter, 
.  -SKT  r'Q  coSour.     Water  in  which  it  waa  steep- 
i.  A.aiiursi  iciiiiT,  and  when  saturated  with  poimsh  let 
Bixed  with  phosphate  of  amaio. 
ix,  and  held  phosphate  of  potaah  ia  so* 
JBMK    Ot'  oMine,  the  acid  which  it  contained  was  the 
?tioHKK2ric.     I:  sdll  retaiaed  in  solution  a  matter  aiai* 
m  :o  ^tiucn  of  wheat  allowed  to  run  into  potrefrctioo. 
r&e  scsid«r»  dktillcd*  jieided  water,  holding  m  aafah 
na  acetic  acid  aad  acetate  of  ammonia,  a  bcowa  oiV 
mi  a  quaoarr  of  ckarcoal,  amounting  to  nearlj  ^th  ef 
•M  oru^ioal  weight.     The  result  of  tbc  cxprrimcaU 
wa:*^  Slat  blighted  wheat  contained  an  acrid  oii^  pntrii 
giUMOi  charcual^  phosphoric  add,  pho^hatc  of  au^» 
Qcsia  and  amoKMua*  and  phosphate  of  iimc  ^  hot  aa 
traces  ot  search  could  be  detected* 

^  BarkT  is  subject  to  a  similar  diseaae  with  wheiti 
«K^  doobtkss,  from  the  same  canae.  Einhof  bu  hto- 
Ir  subjected  this  grain,  damaged  by  the  rwiigo^  or 
biigh^  to  a  chemical  examination.  The  result  of  hit 
trtais  coiaeides  prettj  nearlj  with  the  expcriaaeats  cf 
KoorcToj  and  Vanquelin  on  blighted  wheat.  He  ooaU 
ieieet  no  starch  in  it.  The  infusion  of  it  in  water  red- 
deoed  Tegetabie  bines,  and  contained  an  add,  wbidh 
:ftppeared  to  be  the  phosphoric.  There  was  present  a 
peculiar  animal  matter,  differing  in  its  properties  from 
any  of  the  principles  of  barley,  and  a  quantity  of  cbar*> 
«o^f. 

•  Mtx  xiiv.  p.  332.  f  Gchlen*!  Jwr.  yI  ^r. 
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OF  VEGETATION, 


isveitow  seen  the  iliffcrcnt  substances  which  arc 
ed  10  plants^  and  of  which  they  are  coot  posed  : 
have  &tUl  10  ejumine  the  niamier  in  which  these 
cea  are  produced^  and  to  endeavour  to  trace  the 
I  processes  which  constitute  vegetation*  But  I 
ram  the  reader  not  to  expect  complete  informa^ 
>  this  Chapter.  The  wonders  of  the  vegetable 
tn  are  still  but  very  imperfectly  explored  ;  ma- 
be  organs  of  plants  are  too  minute  for  our  sen- 
\d  scarcely  a  single  proc^s^  can  be  completely 

multiplicity  of  operations  continually  going  on 
tables  at  the  same  time,  and  the  variety  of  dif- 
md  even  opposite  subi)tances»  formed  out  of  the 
jgredientSf  and  almost  at  the  same  place,  astonish 
ifound  us.  The  order,  too,  and  the  skill  with 
tvery  thing  is  conducted,  arc  no  less  surprising. 
I  operations  clash ;  there  is  no  discordj  no  Lrregu- 
Do  disturbance  j  every  object  is  gained,  and  eve- 
m  is  ready  for  its  intended  purpose.  This  rs  too 
1  to  escape  our  observation,  and  of  too  much 
not  to  daiq;!  our  attention.     Many  philoso- 


M6  VfGETATfoy. 

BoflfcIV>    phers,  accordingly,  distinguished  eqoalljr  bjr  their  in- 
dnstrj  and  sagacity,  have  dedicated  a  greai  put  of  their 
li  vcb  to  the  study  of  vegetation.    But  hitherto  their  toe- 
cess  has  not  been  equal  to  their  exertions.     No  person 
has  been  able  to  detect  this  Ageni^  always  to  boty,  and 
performing  such  wonders,  or  to  discover  him  at  his 
work ;  nor  have  philosophers  been  muck  more  fbrtnnate 
in  their  attempts  to  ascertain  the  instruments  which  be 
employs  in  his  operations.     A  great  variety,  however, 
of  curious  and  interesting  facts  have  been  discovered. 
These  I  shall  attempt  in  the  following  Sections  to  col- 
lect and  arrange,  to  point  out  their  dependence  en  each 
other,  and  perhaps  to  deduce  such  consequences  as  ob» 
Tiously  result  from  this  mutual  dependenoe* 


SECT.  I. 


or  GERMIKATIOK. 


IPlimt  ipro-  1.  ]^ATURAL  historians  have  proved,  by  a  very  com* 
plete  induction  of  facts,  that  all  plants  arise  from  saii. 
The  pretended  estceptions  have  disappeared,  one  sfter 
another,  as  our  knowledge  of  vegetables  increased :  sod 
now  there  remains  scarcely  a  single  objection  entitled  to 
the  smallest  regard.  'The  late  attempt  of  Girtanner* 
to  revive  the  doctrine  of  equivocal  generation,  desenret 
no  attention  whatever  ;  because  his  conclusions  are  sk 


e  Jitk,  de  Cbim,  miv.  IS* 


elj  tnconipatible  whli  the  txperiments  of  Mr  Scnne^    P'gp 
tipoo  ihe  very  substance  on  wblch  his  theory  is 


t£EI>  consists  of  three  parts:    namely,  die  tQiyU^   Scc4»coni. 

.  poftcd  of 

^  the  radicle^  and  ih^  phtmu/a,  whicti  are  usually?  la-    three  j>an4; 
:d  in  a  cover* 

we  take  a  garden  bean,  wc  may  perceive  each  of  TJ^-  ^^^J"- 
:  three  parts  with  great  case  ;  for  this  seed  is  of  %o 
c  a  utMf  that  all  its  organs  are  exceeding!/  liistiucU 
we  strip  off  the  external  coats  of  the  bean,  which 
wo»  and  ot  different  degrees  of  thickness  in  diffcr- 
partf,  we  find  that  it  easilj  dividr  s  into  two  lobes, 
ty  nearly  of  the  same  size  and  figure.     Each  of 
lobes  ts  called  a  cotylidm  (fi^»•  40.  a),    llic  cotjr* 
S  of  the  bean,  then,  are  two  in  number, 
fear  that  part  of  the  lobes  which  is  coruiguous  to   ludide, 
lal  ts  called  the  wye  of  the  bean^  there  is  a  small  rout)d 
te   body  (^)y  which  comes  out   between   the  two 

This  body  151  called  the  radUU, 
Itflched  to  the  radicle  there  is  another  small  round   PlumuU- 
(<),  which  lies  between  the  cotyledons,  and  whol* 
in  them,  so   that  it  cannot   be  seen  till  they  are 
[atcd  from  each  other.     This  body  is  cnlkd  the 

appearance  and  shape  of  these  three  parts  differ 
uch  in  diilerent  seeds,  but  there  ii  no  aeed  which 
them.  The  figure  and  %rze  of  the  seed  depend 
upon  the  cotyledons.  This  is  evidentljr  the  case 
e  bean,  and  it  is  so  with  all  other  seeds*     The 

of  cotyledons  is  different  in  different  sceds« 
have  only  one  cotyledon,  as  the  seeds  of 

ata^  barley^  and  the  whole  tribe  of  grasses; 

le  three  \  others  six,  as  the  seeds  of  the  garden 
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RMk  tv.     crest }  bat  most  «ecds^  like  the  bejio,  bftve  two  coqricw 
'  dont. 

2.  When  a  seed  is  placed  in  a  sicaatioii  favoofmUe  lo 
vegetation^  it  very  soon  changes  lU  tp]jetnMiet#  Tile 
radicle  is  converted  into  a  root*  and  ttaks  lAta  the  winbt  < 
the  plumula  on  the  other  hand,  rises  abov«  ibe  ««nh, 
and  becomes  the  trunk  or  stem.  When  tiiese  chaago 
take  place,  the  seed  is  said  io  germinatt :  the  process  tU 
self  has  been  called  germination^  Seeds  do  not  getmi* 
nate  equally  and  indiiFerenllj  in  all  places  and  sc^ioos* 
Germination,  thercforri  is  a  process  which  does  not  d^ 
pcnd  upon  the  «eed  alone :  something  extemal  must  ii- 
80  aifecl  it. 

3.  It  II  a  well  known  fact,  that  seeds  will  iKaft  gir. 
mlnatc  unless  mpijture  have  access  to  tliein «  for  seeii^ 
if  they  are  kept  perfectly  dry,  never  vegeute  at  llJ| 
and  yet  their  power  of  vegetating  is  not  destroyeili 
Water f  then,  is  essential  to  germtnatioti.  Too  iDiicb 
water,  however,  is  no  less  prejudicial  to  most  seeds  thso 
none  sr  all.  The  seeds  of  water  plants,  indeed,  getmi* 
naie  and  vegetate  extremely  well  in  water ;  but  moH 
other  seeds,  if  they  are  kept  in  water  beyond  i  certain 
time,  are  rotted  and  destrojed  altogether. 

4>  It  is  well  known  also,  that  seeds  will  not  geniii» 
nate,  even  though  supplied  with  water,  provided  the 
temperature  ;  be  below  a  certain  degree.  No  seed,  fcf 
instance,  on  which  the  experiment  has  been  triedp  ctt 
be  made  to  vegetate  at  or  below  the  freezing  point;  jtX 
this  degree  of  cold  does  not  injure  the  vegetating  power 
of  seeds  ;  for  many  seeds  will  vegetate  as  well  as  evci 
after  having  been  froaen,  or  after  having  been  kept  ift 
frozen  water.  We  may  conclude,  then,  that  a  certaan 
degree  of  heat  is  necessary  for  the  germination  of  seeds; 
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ery  tpecic$  of  plant  seems  to  baTc  a  degree  pe-  Chip,  m* 
to  itself^  at  which  its  seeds  begins  to  germinate  ^ 
ry^seed  has  a  peculiar  season  at  which  it  begins 
^iQftte,  aod  this  season  varies  wjtb  the  tempera- 
ibc  air,  Mr  Adansop  found  that  seeds,  when 
i  the  same  time  in  France  and  in  Senegal,  always 
vi  fiooner  above  ground  in  tjie  latter  country, 
tte  dimate  is  hotter  than  in  France  *» 
eed%  although  supplied  with  moisture  and  pta-  Axid  ory- 
«  proper  temperature^  will  not  germinate^  pro- 
tmospherical  air  be  completely  excluded  from 
Mr  Ray  found  that  grains  of  lettuce  did  not 
Ite  in  the  vacuum  of  an  air  pump,  but  they  be- 
grow  as  soon  at  air  was  admitted  to  them  f. 
rg  made  a  number  of  experiments  oo  the  sacne 
p  which  were  published  in  the  Memoirs  of  the 
Academy  for  the  year  1603.  He  found,  that 
ater  number  of  seeds  which  he  tried  refused  to 
s  in  the  vacuum  of  an  air-pump.  Some,  how- 
id  germinate:  but  Boyle,  Mttschcnbroek^  and 
Lve,  who  made  experiments  on  the  same  subject 
;ssion,  proved  beyond  a  doubt  that  no  plant  ve* 
in  the  vacuum  of  an  air-pump  j  and  that  in 
Lses  in  which  Homberg's  seeds  germinated,  the 
t  was  far  from  perfect,  a  quantity  of  air  still  re- 
;  in  the  receiver.  It  follows,  therefore,  that  no 
ill  germinate  unless  atmospherical  air,  or  some 
ing  the  same  properties,  have  access  to  it.  It  ts 
reason  that  seeds  will  not  germinate  at  a  certain 
lelow  the  surface  of  the  earth. 
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j?cled  to  the  conclusions  of  these  philosophers,  and  af-  Chip.  UU 
firmed  that  the  difference  jn  the  gercnioaiion  of  seeds  in 
the  shade  and  in  the  light  W2%  owing^  not  to  the  light 
itself,  hot  to  the  difference  in  the  moisture  in  ihe  two 
silnadofis;  the  moisture  evaporating  much  faster  from 
the  seeds  ta  the  light  than  from  those  in  the  shade;  and 
he  affirmed,  that  when  precautions  were  taken  to  keep 
tbc  lecds  equally  moist,  those  in  the  sun  germinated 
looiicr  than  those  in  the  shade  *.  But  when  Mr  Senne- 
bier  repeated  his  former  experiments,  and  employed 
every  posiible  precaution  to  ensure  the  equality  of 
fDoisturc  in  both  situations,  he  constantly  found  the 
seeds  in  the  shade  germinate  sooner  than  those  in  the 
light t<  Wc  may  conclude^  therefore^  that  light  is  in- 
jurious to  germination  ;  and  hence  one  reason  for  co- 
ttmg  seeds  with  the  soil  in  which  they  are  to  grow. 
But  from  the  recent  experiments  of  Saussure,  there  is 
reason  to  believe  that  light  is  only  injurious  in  conse- 
quence of  the  heal  which  it  produces  ;  for  when  the  di- 
rect rays  of  the  sun  were  intercepted,  though  light  was 
admitted,  the  germination  of  the  seeds  was  not  sensibly 
retarded  |. 

-  %  Thus  wc  have  seen  that  seeds  will  not  germinate 
nnleis  moisture,  hiai,  and  oxygen  be  present.     Now,  in 
iihat  manner  do  these  substances  affect  the  seed  ?   What 
ase  the  changes  which  they  produce  ? 
It  was  observed  before,  that  all  seeds  have  one   or  Pheti'^nifnA 
wc  cotyledons.     These  cotyledons  contain  a  quantity   ti^il^ 
farinaceous  matter,  laid  up  on  purpose  to  supply  titr 
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bckl  emit- 
ted. 
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the  air  di- 
tniaiihcd. 


embryo  plant  with  food  as  soon  as  it  begim  to  itqmrt 
it.  This  foody  however,  must  undergo  aome  pittimu 
preparation,  before  it  can  be  applied  by  the  pltatto  Ae 
formation  or  completion  of  its  organs.  It  H  praluUe 
that  all  the  phenomena  of  germination,  which  we  am 
perceive,  consist  in  the  chemical  changes  which  are 
produced  in  that  food,  and  the  consequent  di 
of  the  organs  of  the  plant. 

When  a  seed  is  placed  in  favourable 
it  gradually  imbibes  moisture,  and  very  soon  after  emili 
a  quantity  of  carbonic  acid  gas,  even  though  no  ozj|ca 
gas  be  present  *.    If  no  oxygen  gas  be  present,  the  pcsb 
cess  stops  here,  and  no  germination  takes  place ;  hot  if 
oxygen  gas  be  present,  a  portion  of  it  is  converted  iato 
carbonic  acid  ^as.     From  the  experiments  of  Saosson^ 
it  appears,  that  if  seeds  be  left  to  germinate  in  a  deleN 
minate  portion  of  oxygen  gas  or  common  air,  tte  tdk 
of  that  gas  is  not  altered ;  the  carbonic  acid  formed  fei 
ing  equal  to  the  oxygen  which  has  disappeared.    Heoee 
it  follows,  that  the  carbonic  acid  contains  in  it  exidly 
the  whole  oxygen  consumed  f.     No  oxygen,  then,  ii 
absorbed  by  the  seed  ;  or  at  least,  if  it  be  absorbed,  none 
of  it  is  retained,  the  whole  being  thrown  out  in  combi* 
nation  with  carbon.      The  quantity  of  oxygen  thfli 
changed  into  carbonic  acid  by  the  germination  of  seed% 
is  in  some  measure  proportional  to  the  weight  of  db 
seed ;  but  some  seeds  require  more  than  others.    In 
the  experiments  of  Saussure,  wheat  and  barley,  weight 
for  weight,  consumed  less  oxygen  than  peas;  wbik 
peas  consumed  less  than  beans  and  kidney-beans.    He 
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cofisunaed   W  vrheat  and  barley  amounts  to    Cftjp*  m. 
veco  Wcnr^h  and  .j^jl-^thof  their  weight  ;  wJiilc  that 
coosajxifed  by  beins  and   kidney-beaos  mvLj  amount  to 
.|4^tb  pan  of  tbeir  weight  *.      Similar  experimeots 
were  nisidebj  Dr  Woodhousef. 

It  does  not  appear  that   any  water  i$  decomposed 

dnriog  the  process  of  germitiation^  at  least  we  have  no 

evidence  that  it  is  so.   Neither  hydrogen  nor  oxygen  gas 

arc  emitted.     It  would  not  be  surprising  if  a  portion  of 

water,  to  far  finom  being  decomposed,  were  actually 

formed  by  tbe  tinioa  of  its  constituents  previously  ez^ 

istijig  in  the  grain.      When  Saussure  dried  seeds  at  a 

certain  temperature  before  germination,  and  afterwards 

bnii^ht  tbem  to  the  same  degree  of  dryness  after  ger- 

minationy  he  always  found  that  the  loss  of  weight  was 

greaser  than  it  ought  to  have  been.      Thus  15  peas^ 

which   together  (when   dried  at    77**)   weighed   200 

grwiiy  when  left  with  five  times  their  weight  of  water 

in  m  vessel  full  of  air,  and  standing  over  mercury  for 

^wo  dAj%^  germinated,  and  produced  44-  cubic  inches  of 

eubotiic  acid.     They  were  taken  out,  and  dfied  slowly 

it  the  same  temperature ;   during  their  drying  they 

diaiigcd  44  cubic  inches  more  of  oxygen  into  carbonic 

add*      Now  these  nine  inches  of  carbonic  acid  con- 

tlio  t'7  grains  of  carbon*      The  water  in  which  peas 

had  been  placed  while  germinating,  when  evaporated 

todryness^  left  0*75  grains  of  mucilaginous   matter. 

Tbos  the  peas,  by  germinating  and  drying,  ought  to 
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T  H€  tried  ihc  tecdi  of  the  2ea  mayi,  opium  pelnwelinam,  lactuca  fittU 
f^tCucurbtta  cicrulk^  phtKolus  ntivus,  sltymbriurn  tativuin,  rapbaou* 
■*»».  T1>e|  chaoged  QWjgcn  into  c»rbocik  add»  Nicholion'i  /wtr* 
Eta 
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have  loit  only  2*45  grainv  le«viof  a  raifiac  of  101*55 
gfsint.  But  their  weight  was  onlj  1^9  grmiiis.  So 
that  they  ha^  Joit  eight  graini  more  thm  c«i  be  ic- 
counted  for  by  the  mucilage  taken  op  by  the  wafer  md 
caibonic  acid  formed.  We  are  obliged  to  sappoM  this 
lots  owitig  to  water«  From  Sauisure't  expertmciilii 
thts  water  seems  to  be  formed  or  set  at  liberty  dofii^ 
the  drying  of  the  seedi.  for  the  quwitity  of  it  always 
tncreaaed  with  Ibe  slowueia  of  the  proceas  of  drying** 

Several  seeds,  by  gemunatiDg,  acquire  a  aweetiih 
taate.  Hence  it  baa  been  tuppoaed,  that  the  mucilage 
which  ihey  contain  is  converted  into  ^ccharine  matlrr* 
We  tee  that  the  carbon  ia  diminished  by  germinadoji ; 
and  unless  water  be  farmed,  the  proportion  of  hydro* 
gen  and  oxygen  mu&t  be  proportionably  augmented.  It 
is  obvious  from  the  process  of  maltingi  that  beat  b  ge« 
aerated  during  germination*  1  have  seen  the  radidei 
of  barley,  when  kept  without  turning  on  the  malt-flwjr,  i 
xhoot  out  hiilf  an  inch  in  a  single  night,  and  the  hoi 
rise  as  high  as  IDO^. 

So  far  stems  to  be  the  work  of  chcmiitry  alone ;  ^ 
least  we  have  no  right  to  cot^clude  that  atiy  other  agtot 
interferes  j  since  ^oy,  when  it  happens  to  imbibe  nsoMk 
ture,  exhibits  nearly  the  same  processes.  Carbonjc  scti 
gas  is  evolved,  oxygen  gai  ia  absorbed,  beat  is 
ced  so  abundanily,  that  tlie  hay  often  takes  fire;  at 
same  time  a  quantity  of  sugar  is  formed.  It  is  oina| 
to  a  partial  chan^'C  of  the  same  kind  that  old  hay  giM- 
rully  tastes  much  sweeter  than  new  hay.  Now  we  kvt 
no  reason  to  suppose  that  any   agents  pectdiar  tp  tht 
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vc  ****»"»*  now  ■ 

'«nc  a  perf-^,        "*  **"  period,  ,fi„  „       '"S'ow'h 
pcrrcct  root,  tb^  „t  "^ '"«  radid-  i. 

''''J'^pcrimenf  J*  ^   "''  «  ScnnehVr  ' 

«  off.      Tl..  ^** '®  'vegetate  ,V  .k  "''^'^'■- 

"^'^"-0 ?  bfr''^^-"^  -Car.  T-  ^^•« 
""7  increase.         -^ '^''      ^^'^r  ,hi,  ,  "'^  ""«d  '«"- 
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^Po  '  -V-     carries  on  all  the  processes  of  ▼egetatioQ  wiUiout  their 
assistance. 

As  it  does  not  appear  that  there  is  any  coromunica- 
tion  between  the  cot)  kdons  and  the  plumuU,  it  most 
follow  that  the  nourishment  passes  into  the  plumula 
from  the  radicle ;  and  accordingly  we  see  that  the  plu- 
mula does  not  begin  to  vegetate  till  the  radicle  has 
made  some  progress.  Since  thf  plant  ceases  to  Tege- 
tate,  even  after  the  radicle  has  been  converted  into  a 
rooty  if  the  cotyledons  be  removed  before  the  plumula 
is  developed,  it  follows  that  the  radicle  is  insufficient  of 
itself  to  carrj  on  the  processes  of  vegetation,  and  that  the 

pigcitthc     cotyledons  still  continue  to  perform  a  part.     Now  wc 

food  tent  ,  _ 

by  the  root,   have  seen  already  what  that  part  is  i  they  prepare /cm 

for  the  nourishment  of  the  plant.     The  root,  then,  is  of 
itself  insufllcient  for  this  purpose.     When  the  cotyle- 
dons assoaic  the  form  of  seminal  leaves,  it  is  evident 
that  the  nouii^ihinefit   which  was  originally  laid  up  in 
them  for  the  support  of  the  embryo  plant  is  exhaoited, 
yet  they  still  continue  as  necessary   as   ever.      Tber 
must   therefore  receive  the   nourishment  which  is  im- 
bibed by  the  root ;  they  must  produce  some  cbangeson 
ir,  render  it  suitable  for  the  purposes  of  vegetation,  and 
then  send  it  back  again  to  be  transmitted  to  the  plumula. 
After  the  plumuh  has  TiCquircda  certain  size,  which 
must  be  at  k  ast  a  ////r,  if  the  cotyledons  be  cut  off,  the 
plant,  as  Mr  Bonnet  ascertained  by  a  number  of  expcri^ 
iiicnts  aticruards  repealed  with   equal  success  by  Mr 
Seiuubier,  docs  not  ceast- to  vegetate,  but  it  continusa.!^ 
ways  amere  pigmy  :   its  si/-f,  when  compared  wilhth^ 
of  a  j^lantwhost  cotylcdoiis  are  allowed  to  remain  beiriff 
ouly  as  two  lo  seven  *. 


*  Bncy,.  Mi:b7J.  Pbyi^l,  Fe^tt  4a. 
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tWUcfl  the  plumula   has  expanded  completely  into    Ch^^  ul 

iveSy  the  cotyledon*  may  be  removed  vrithout  injuring 

plant*  and  thej  trery  soon  decay  of  themselves*     It 

^ppear$|  then,  ihsit  ihitt  new  office  of  the  cotyledons  t$ 

Afterwards  performed  by  that  part  of  the  piani  which  is 

above  ground. 

Tilths  we  nave  traced  the  phenomena  of  germination 
far  as  they  have  been  detected.      The  facts  arc  ob- 
^1  but  ibe  mamNcr  m  which  th<:y  are  produced  is  a 
profound  secret.     Wecaii  neithtr  explxtn  how  the  food 
enters  into  I  he  vessels,  how  it  i»  conveyed  to  the  diiTer- 
i,eot  pat  1^  of  the  plant,  how  it  is  depoi»ited  in  crery  or- 
sii  nor  how  it  is  employed  to  iocrease  the  size  of  the 
,  or  lo  fornn  new  parts.     The^c  phenomena  are 
■  I  7  lo  noJitng  in   mechanics  or  chemistryi  but 
resemble  tiactly  Ihe  organisation  and  notirishment  of 
mttimals*    They  belong  therefore  to  that  difficult  brantH 
of  science  known  by  the  r^ame  of  Phtsioloct, 
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or  THE  FOOD  OF  FLANTS. 


PtAFTS,  aftrr  they  have  ^rminated,  do  not  reaiaiii 

[yatioaary,  but  are   comiramlly  increasing  in  sixe..    A 

Uree^  fpr  instance^  every  season  adds  considerably  to  its 

Jfnmiff  bti^k.   The  TOOT  sends  forth  neiv  shi^ots,  Jind  the 

) ones  become  larger  and  thicker  same  incre- 

pent  takes  place  in  tlic  branches  arui  lut  trunk.  When 

U  J 
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Book  IV.    we  exEmine  this  iocrease  more  minutdTf  we  find  thtta 

new  layer  of  wood,  or  rather  of  albmmiiin  *,  has  been 

added  to  the  tree  in  every  part,  and  this  addition  has 

been  made  jnst  under  the  bark.     We  find,  loo,  that  a 

layer  of  albomnm  has  assumed  the  appearanoa  of  per* 

feet  wood.      Besides  this  addition  of  vegetable  fibres  a 

great  number  of  leaves  have  been  produced,  and  the 

tree  puts  forth  flowers,  and  forms  seeds. 

^^^r!!!i         It  is  evident  from  all  this,  that  a  sreat  deal  of  new 
qniretood.  ^  ^  ... 

matter  is  continually  making  its  appearance  in  jdanti. 
Hence,  since  it  would  be  absurd  to  suppose  that  tbcy 
€r§ait  new  matter,  it  must  follow  that  thej  receive  it 
by  some  channel  or  other.     Plants,  then,  require  food 
as  well  as  animals.  Now,  what  is  this  food,  and  whence 
do  they  derive  it  ?     These  questions  can  only  be  la- 
swered  by  an  attentive  survey  of  the  subatancea  wUch 
are  contained  in  vegetables,  and  an  examinatieBof  tteie 
substances  which  are  necessary  fer  their  vegetttiott*  If 
we  could  succeed  completely,  it  would  throw  a  gnit 
deal  of  light  upon  the  nature  of  soils  and  of  mannrei^ 
and  on  some  of  the  most  important  questions  in  agricul- 
ture.    But  we  are  far  indeed  at  present  from  being  sUe 
to  examine  the  subject  to  the  bottom. 
J^^*^         1.  In  the  first  place,  it  is  certain  that  plants  will  not 
vegetate  without  water;  for  whenever  they  are deprifed 
of  it|  they  wither  and  die.     Hence  the  well-known  vis 


a  The  tom^,  when  we  inspect  it  with  attention,  b  not.  thrafk  b 
whole  extent, the  nme;  the  pntof  itnext  thehari^liaRidkiaftcrH' 
whiter,  and  more  juicy  than  the  rot,  and  bu  £«:  that  rMm  oboindi 
particular  name;  it  hat  been  called  the  aUttmum  or  muhur,  ThtfirfMt 
nvMd  is  browner,  and  harder,  and  denser  than  die  alburBitfii,  tad  tbe  hf* 
pn  incretie  in  demity  the  nctnr  the7  are  to  the  ccauft. 
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niJif  and  dtws,  and  the  artificial  watering  of  grtmnd.    Chap,  ril. 

ilcr»  tbeii,  ts  at  least  an  essential  part  of  the  food  of 

Its.      fiut  many^  plants  grow  in  pure  wzicr ;  and 

fore  it  may  be  questioned  whether  water  is  nol  the 

ly  food  of  plants*     This  opinion  was  adopted  very 

Umg  ftgOy  and  nutnerous  experiments  have  been  made 

order  to  demonstrate  it-     Indeed  it  was  the  general 

inion  of  the  llth  century;  and  some  of  the  most  sue- 

ul  improvers  of  the  physiology  of  plants,  in   the 

6th  ceottiry^  have  embraced  it.    The  most  xealous  ad- 

ites  for  it  were.  Van  Helmont,  Boyle,  Bonnet,  Du* 

el,  and  TUlet* 

Van  Helmont  planted  a  willow,  which  weighed  five   Suppoted 

pounds,  in  an  earthen  vessel  filled  with  200  lbs  of  soil  food  of 

previously  dried  in  an  oven,  and  moistened  with  rain   P**""t 

waler.     This  vessel  he  sunk  into  the  e^rrth,  and  he  wa- 

his  willow,  sometimes  with  rain,  and  sometimes 

ith    distilled    water.      After  five  years  it   Meighed 

1^9^  lbs,  and  the  earth  in  which  it  was  planted,  when 

again  dried,  was  found  to  have  lost  only  two  ounces  of 

i^  original  weight  *.     Here,  it  has  been  said,  was  an 

of  164  lbs.  and  yet  the  only  food  of  the  willow 

pure  water  5  therefore  it  follows  that  pure  water  is 

sufficient  to  afford  nourishment  to  plants.     The  tnsuffi. 

cy  of  this  experiment  to  decide  the  quejftion  was 

St  pointed  out  by  Bergman  in  1773  t*     He  showed, 

from  the  crperimcnts  of  Margraf,  that  the  rain  water 

employed  by  Van  Helmont  contained  in  it  as  much 

earth  as  could  exist  in  the  willow  at  the  end  of  five 

years*  For,  according  to  the  cxperimco  ts  of  Margraf,  one 
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pound  of  rain  water  contains  one  grain  of  earth  ^«   Tha 
growth  of  the  willoWt  therefore,  by  no  nneant  proves 
^hat  the  earth  which  plants  contain  has  been  formed 
out  of  water.     Besides,  as  Mr  Kirw%n  has  renuirked  f, 
the  earthen  vessel  must  have  often  absorbed  moisture 
frcm  tlie  surrounding  earth,  impregnated  iViih  whatever 
subsr<;nce  the  earth  contained  ;   for  unglazed  earthen 
vessel^,  as  Hnles  t  and  Tillct  §  have  shown,  readHjr 
But  without   transmit  moisture.     Henqe  it  is  evident,  that  no  con- 
reaioo.         elusion  wliatever  can  be  drawn  from  this  experiment , 
for  all  the  substances  which  the  willow  contained,  ex- 
cept u  ater,  may  have  been  derived  from  the  rain  water, 
the  earth  in  the  pot,  and  the  moisture  imbibed  from  the 
surrounding  soil. 

The  experiments  of  Duhamel  and  Tillet  are  eqoally 
inconclusive  ;  so  that  it  is  impossible  from  them  to  de- 
cide the  question.  Whether  water  be  the  sole  oourisb- 
ment  of  plants  or  not  ?  3»t  all  the  attempts  hitherto 
pade  to  raise  plants  from  pure  lyater  have  failed;  the 
plants  vegetating  only  for  a  certain  time,  and  never 
perfecting  their  seeds.  These  experiments  were  ma<le 
by  Hasstnfratz,  Saussure,  and  qthers,  wiih  the  same 
unfavourable  result.  Puhamel  found,  that  an  oak 
N  which  he  had  raised  by  wafer  from  an  acorn  roafie  leu 

and  less  progress  every  year.  We  see,  too^  that  tboie 
bulbous  roots,  such  as  hyacinths,  tulips,  gcc.  which  ace 
made  to  grow  in  water,  unless  they  be  planted  in  the 
earth  every  other  year,  refuse  ai  last  to  flower,  and 
even  to  vegetate  ;  especially  if  they  produce  new  bulh- 
cus  toots  annually,  and  the  old  ones  decay.     From  all 


♦  Opute.  ii.  15.  ar.d  ly.  f  Irhh  Ttatu.  ▼.  160. 

»  /'/jr/.  :>/./.*.  {  M#w    Par,  J77S,  Ij 


|itTicic  hctt  and  c 
hhn  i*^aler  i«  not 


I*  '"Sd  hr,  tfrrfecd,  is  wa»er  from  being  the  sole  foo<1  of  ^^^ 
[)4jintt»  lh«t  in  general  only  a  certain  jToponfcjn  rf  it  is  *>i>>yi 
mcrvfceatlc^  too  niuch  bci  ig^  eqitnfir  prejuclicbl  to  ihetn 
)^  too  little.  Some  {>lants,  Jt  is  trae,  grow  constaivily 
pn  wftler^  tud  will  not  wgetatc  in  any  cihtr  Bituarion  ; 
H>iit  tW  te«t  are  entirely  tltstroycd  when  krpt  jmmerscU 
fin  lb«l  fiafd  beyond  a  certaim  titne,  Mo»t  |  lants  r^- 
k^titfe  M  certain  degree  of  moisture  in  otdcr  to  vegetate 
*welK  This  is  one  reason  why  dilfereni  soils  arc  rcqilt- 
led  fbf  dlfTcticnt  plants.  Kite,  for  instance,  rtqnfrca  a 
\rtff  wet  soil:  Were  we  to  sow  it  in  the  ground  on 
l»rhtch  wh<:al  grows  luxuriously^  it  vroulti  not  smceeed  ; 
-'wbcafi   on   the  contrary,   would   rot    in  the  the 


W^  sh<Kild»  therefore,  in  choosing  a  sotl  proper  for 

kc  plants  which  we  tnean   to  raise^  consider  the  quan- 

tty  of  moisiore  which  is  Lest  adujifed    for  them,  and 

iioose  out  soil  accordingly*     Now  the  dryness  or  niois- 

r  €>f  n  soil  depends  upon  two  things  ;  the  nature  and 

IcportTons  of  the   earths   which  compose  11,  and  ttc 

sniity  of  rain  which  falls  upon  it.     £v cry  soil   cor- 

|isat  least  three  earth**,  silica,  lime,  and  alumina^  ami 

||ieumC9  also  magnesia.      The  silica  is  always  itt  tfce 

of  sand.     Now  soils  t^tain    onotsttire  longer 


he  Utc  cif  ermi«at«  of  Br»cotioot,  mho  I»4i  ci  K,f^i^uii^<^  lu  ^ 

k'.vt  i«  the  sole  iOiM  ol  |>Uiit%.  arc  by  do  mean*  Ueci*  vr,  S<c    : 

I  hi    187.     He  raided  pbnt»  nn  mm)  Mui  niftaHit  eii.j 

Y  af:<l  fminH  ilvAt  the  [vimft  had  Till  rhe  ttuml  ^'  ^  tli) , 

:  r  ccDif  itueiitn     But  in  expcfJiie^'ti  of  ihyt  t  1  |<x»- 

rdigj/mt  cTcrjr  ch.irnct»  l*)-  i^iciis^  <  f  in  Jiici.  uat 
^rttn  tr>  f  lirtv 
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►j^'     shorter  accordiug  to  the  proportions  of  these  ea 

Those  which  coniaio  the  greatest  qoaatitj  of  sand  n* 
tain  it  the  shortest,  and  those  which  contBin  ibe  grol* 
est  quantity  of  alucnioa  retaio  it  longest*  The  fini  is 
m  drjr,  the  second  a  wet  soil*  Lime  and  migoetta  arc 
intermediate  between  these  two  extieooes  *  they  render 
a  sandy  soil  more  retentive  of  moisture^  and  diminish 
the  wetness  of  a  clayey  soil.  It  is  evident,  thcrefotti 
that  by  ouKing  together  proper  proportions  of  Iheie 
four  earths,  we  inay  form  a  soil  of  any  degree  of  dry* 
ness  and  moisture  that  we  please. 

But  whatever  be  the  nature  of  the  soil,  its  moisloit 
must  depend  in  general  upon  the  quantity  of  raia  whjdi 
falls4  If  no  rain  at  all  fail,  a  soll^  hawe%er  reientiiPe  tf 
moisture  it  be,  must  remaia  dry  ^  and  if  rain  were  reiy 
frequently  falling,  the  soil  must  be  open  indcedt  if  Hk 
not  coostaotly  wet.  The  proportion  o£  Ihe  daibCDl 
earths  in  a  soil,  therefore,  must  depend  upon  tbt  qMD« 
lity  of  rain  which  falls.  In  «.  rainy  country ,  the  woil 
ought  to  be  open  ^  in  a  dry  country,  tl  ou^lit  to  lit  i»* 
tentivc  of  moisture.  In  the  &rst,  there  ought  to  be  a 
greater  proportion  of  sand  »  in  the  second  of  d%ym 
Ic^food  ^*  That  air  is  necessary  for  the  vegetation  oC  piiaH 

from  the  «t^  has  been  completely  proven  f  and  tltatu  GomsideraUt 
portion  at  least  of  the  carbonaceous  matter  tit  hick  iJiff 

contain  is  absorbed  from  the    air,  has  been  rendcftd 

probable  by  the  late  experiments  of  chemical  phiJi)t»* 
phers.  Three  articles  which  furnijih  nourishment  io 
plants  arc  supplied  by  the  atmosphere  ;  namely,  r^f. 
ionic  acidf  oxygen^  and  moisinre  ;  but  it  has  bcca  dispu- 
ted how  far  plants  are  capable  of  ablorbing  carbonic 
acid,  without  the  assistance  of  the  soil  ou  frhieli  thejr 
4uiuaUy  vcitetate. 
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iasscnfratz  aoal/sed  ihc  bulbous  roots  o£  hya* 

in  ordec  to  discover  the  quaQtit;  of  waler»  car* 
d  hydrogen,  which  thej  contained ;  and  by  re- 
[  the  analysis  on  a  number  of  bulbs,  be  disco- 
|ow  much  of  these  ingredients  was  contained  ia 

weight  of  the  bulb.  He  analysed  also  kidney 
ind  cress  seeds  in  the  same   manner.     Then  he 

number  of  each  of  these  vegetate  in  pure  water, 

tbe  precaution  to  weigh  them  beforehand^  In 
D  aspertain  the  precise  quantity  of  carbon  which 
fntaixied.     The  plants  being  then  placed^  some 

doors,  and  others  in  the  open  air,  grew  and 

rd,  but  produced  no  seed.     He  afterwards  dried 

:oUeccing  with  care  all  their  leaves  and  every  o- 

rt  which  had  dropt  off  during  the  course  of  the 

tion.     On  submitting  each  plaat  to  a  chemical 

I,  he  found  that  the  quantity  of  carbon  which  it 
yed^  was  somewhat  less  than  the  quantity  which 

la  tbe  bulb  or  the  seed  from  which  the  plant 
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experiments  have  been  lately  repeated  by 
re  with  a  very  different  result.  Sprigs  of  mea- 
r,  allowed  to  vegetate  for  some  time  in  distil* 
r,  nearly  doubled  the  portion  of  carbon  which 
iginally  cpBtained  t ;  but  when  the  same  expert- 
ras  repeated  in  a  place  where  but  little  light  had 
the  carbon,  instead  of  being  increased,  was  some- 
iminished,  as  Hassenfratz  had  found*  Hence  it  is 
that  the  result  obtained  by  Hassenfratz  was 


*  Am,  it  Ctim,  xiJj.  tS9. 
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Book IV.  owing  to  the  want  of  light.  Thus  it  cannot  be  doubf* 
edy  that  plants,  even  when  they  vegetate  in  pore  water, 
are  capable  of  absorbing  nourishment  from  the  air; 
Bntthisnot  )y^x  as  plants  in  this  situation  cannot  produce  perfect 
seeds,  and  as  they  gradually  decay  and  cease  to  vege- 
tare,  it  is  obvious  that  water  and  air  alone  are  not  suffi. 
dent. 

H.  The  third,  and  only  remaining  source  from  whicli 
plants  can  di^w  their  food,  is  the  soil  on  which  they 
grow.  Now  this  soil  consists  of  two  parts  ;  naic-Iy, 
pure  earths,  which  constimie  its  basis,  and  the  remaiu 
of  animals  am!  vegetables  applied  as  manure. 

One  use  of  i'  e  earthy  part  of  the  soil  is  to  furnish  i 

support  for  the   ,  lants,  and  to  administer  the  proper 

quantity  of  water  to  them ;  but  as  all  plants  conttin 

earthy  and  saline  matters,  and  as  these  substances  ire 

constantly  present,  wc  cannot  avoid  considering  them  u 

in  some  measure  constituting  an  essential  pnrt  of  pluti. 

Now  there  is  reason   to  believe  tliat  the  proportion  of 

earthy  and  saline   matters  in   ]^hints  is  considerably  in* 

fluenced  by  the  soil  on   which   they  vegetate*     Saui- 

surc  made  beans  grow  in  three  difFcrtnt  situations.  Thi 

first  set  was  supported  by  distilled  water ;  the  second 

was  planted  in  sand  and  supported  by  rain  water;  the 

third  set  was  planted  in  a  pot  filled  with  mould,  tod 

ortioo    P^*^^^  ^^  *  garden.     The  ashesyiclded  by  these  diffcr- 

af«artbin     ent  plants  were  to  each  other  in  the  following  propor. 
pbnttTaries      .        - 
with  the       tions*. 

•«1-  J.  Those  fed  by  distilled  water. .    3*9 

2.  Those  fed  by  rain  water T5 

3.  Those  growing  in  soil 12*0 
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iDlily  of  fixed  matter  yielded  by  the  beans  Cf^ap.  HI. 
■ettited  in  soil^  was  more  thao  ihree  times 
mhn  W9%  obtained  from  those  which  had 
^lely  by  disiiJlcd  water. 
Hc  philosopher  exaii^incd  the  ashes  of  vmrioui 
lirtng  on  a  g^^nitic  and  on  a  calcareous  soil*. 
i  which  grew  in  the  jjranitic  soil  coi>tained  a 
l^&roponion  of  silica  and  metallic  ostides  ; 
^l^ew  in  the  calcareout,  little  or  none  of 
fe^  but  a   greater  proportion  of  calcarcooi 

»  granitic  plants.  Thus  the  pinus  abtes, 
each  of  these  soils,  yielded  the  following 
fixed  bodies  : 

SGrjnhk.           C*lcar. 
3-bO?   ,5 
ilphatesand  muriates  4*24  J 
Date  of  lime  .....43*34 63 

Kof  magnesia , 6*77... 0 
13*49 0 
^         *...»..... p^^i^^«.14*66 16 

lides*..,. *».... ..10*52 0 


9rS2 


04 1 


r  cmipoted  oC  tKe  fbBowmf  tn(;rrdictitt ; 

98  000  cafhoiutft  of  iinie 
c  'tis  JdununA 
0625  oxitk  of  iron 
0*0*5  petroleum 


jr.  ^.  fitly— Jwr  diPln>  i\U%7.^^te  the  iMettf  inci- 
lied  m  Vol  V.  f*.  167-  «i^  tUii  W^^rk,  where  the  rciuli  uf  ail 
ioltht*itliUo6oi'hcr  U  givvo* 


fid 
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Thus  it  cannoi  be  doubted,  that  Ibe  pfopoftiflii  at 

€%nhy  matter  coouined  in  plants  b  considerabljr  i 

cnccd  bj  the  nature  of  the  soil  on  wbidi   tbe^grow; 

but  whctiier    [>lants  derive  the  whole  of  tbete  finl 

principles  from  the  soil,  or  whether  they  are  cftpftUt  of 

forming  them   to  i  certaio   ejctent  by  tb#  imluiows 

powers  of  vegetation,  are  questions  not  jet   fisall^  de. 

cided.     The  experiments  of  Saussure  wotild  lead  Ha  to 

believe,  that  all  the  earths  found  in  plmnts  are  ■baetW 

Whether       from  the  soil  ;  while  those  of  Scht^der  seem  to  proff^ 

me  mSr  ^•^  ■  portion  of  them  is  formed  bj  vegctalieii,  evo 

when  plants  are  so  situated  that  they  can  derive  no  Siei 

principle  from  the  soil  on  which  they  grow. 

The  Berlin  Academy  proposed  as  a  prite  questiim, 

To  dttrrmini  thi  earthy  amstitttents  of  thf  differtni  tiUi 

cftomf  and  to  aster t at fi  whether  these  earthy  pm-ts  mt 

formed  hy  thf  process  of  Vegetation,      Tlic   prize  wb 

gained  by  Schrader,  an  apothecary  in  Berlin,  and  there* 

suit  of  his  experiments  was  published  by  the  AcatJcmj 

in  18ao»      He  analysed  the  seeds  of  wheat,  rye,  larbjf 

and  catif  and  ascertained  the  portion  of  e»rtb  wbidl 

each  contains.      He  analysed  in  the  same  manner  T)re* 

straw  *.     After  having  in  this  manner  determined  the 

proportion  of  earth  which  these  seeds  contained,  he  n* 

deavoured  to  make  them  grow  in  tome  mediitm  wbidl. 

could  not  furnish  any  earthy  ingredient  whatever,    Fer 

a  long  time  his  attempts  were  baf!]ed,  every  substaooe 

tried  containing  lets  or  more  of  earth,  and  being  then 

ttperi-        fore  impf  oper.  At  last  he  found  that  sulpbnr^  in  the  %t 

meiitiof 

SchfJEdcr. 


•  The  PWiolt  of  ihe»e  tfiUyti*  hate  been  fiven  to  (Mge  i^j.aflliti 
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flowcrty  might  be  used  with  success,  as  it  contained    Chap,  IlL 

lo  earthj  maiter  tvhatever,  and  as  the  seeds  grew  in  it, 

ttftd  sent  out  their  roots  perfectly  well^  when  it  was 

wopctly  fsioiscened  with  water.     The   ostides  of  anli- 

HOfijr  and  linc  were  the  substances  which  answered 

^st  after  sulphur-    The  seeds,  then,  were  planted  in  suU 

khur^  placed  in  a  garden  at  a  distance   from  all  dust. 

Hit  into  m  box  to  which  the  light  and  the  Bir  had  free  ' 

Icccss,  but  from  which  all  dust  and  rain  were  carefully 

Ixdtidedi  and  they  were  watered  with  di&tiUed  water, 

line  oora  raised  io  this  manner  was  found  by  Schricder 

o  certain  mi^r  earthy  matter  than  had  existed  in  the 

teedi  from  which  it  had  grown*.    Here,  then,  it  Would 

kppear  was  the  formation  of  earthy  matter,  unless  we 

conceive  that  the  air  might  have  contained  a  suBtctetir 

inaiitity  floating  iti  it  to  furnish  all  that  was  found. 

Jisce  the  publication  of  his  prixe  dissertation,  Schrseder 

Iti  given  to  the  public  additional  experiments  on  the 

laoie  subject.     In  these  he  notices  the  trials  of  Saus- 

■ore,  and  the  results  which  were  obtained  from  vege- 

laUes  growing  in  calcareous  and  granitic  soils ;  and 

laeticiilarly  draws  the  attention  of  chemists  to  the  fact 

■IDCItiined  by  Saussure,  that  plants  vegetating  in  a  cd* 

ttieouftsoil,  which  contained  little  or  no  silica,  were 

y^i  found  to  yield  a  considerable  portion  of  that  earth  f. 

Einhof  likewise  found  in  the  ashes  of  a  finm  tylvtjtrit, 

trt^itl)  had  grown  in  a  soil  that  yielded  no  traces  of 

Kme^  no  less  than  05  ffr  cent,  of  that  earth.      He  in- 


^  BoctNADOi'i  esperbnenit  agree  wteh  (hc^e  uf  Schneder»  but  Uiej 
^IblMt  mide  w'uh  the  amt  prccautiQas.     See  Atnf,  4*  Ckim,  IxL  1^7. 
tC«lklro*t/*irf.  iri.  55« 
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Book  IV.  forhas  us  also,  that  he  has  frequently  observed  the  BcDen 
prunastri  and  ciliaris  encrusted  in  the  mooths  of  Au- 
gust and  September  with  a  coat  of  cafboaale  of  lime, 
when  no  linte  was  to  be  found  in  the  neighbourbooi^ 
and  when  oilier  plants  were  not  encrusted  in  that.aiik 
Her*. 

Saussure  has  observed  very  justly,  that  the  abmipi- 

tion  of  earthy  matter  does  not  depend  ao  muchnpoB 

the  earths  which  constitute  the  basis  of  the  soil  oi 

which  they  grow^  as  upon  the  portion  of  earth  held  ii 

Aolution  in  tlie  liquid  part  of  the  soil.      This  obsem- 

lion  will  explain  several  of  the  facta  above  atatcdi  but 

is  by  no  means  sufficient  to  set  aside  the  experimeaa 

of  Schrseder,  which  go  directly  to  prove  that  earths  lit 

formed  by  the  processes  of  vegetation « 

u^^Stti         *•  8^"*^^*  earths,  plants  always  contain  a  portiM 

of  saline  matter.     Those  that  grow  at  a  distance  fnn 

the  sea  contain  potash,  while  sea-plants  contain  sodstti 

common  salt.      Phosphate  of  lime  is  a  constant  iogn- 

dient,  and  phosphate  of  potash  a  very  common  oor. 

Some  plr.nts  contain   peculiar  salts.      Thus  nitrate  of 

soda  is  usually  present  in  barley,  nitrate  of  potash  in 

Which  act     nettles  and  the  bun- flower,  &c.     It  appears,  from  the 

on  pUnu.      experiments  that  have  been  made,  that  peculiar  nks 

promote  the  vegetation  of  peculiar  plants.      Sea-phats 

require  common  s:  It,  and  languish  in  soils  where  it  is, 

not  to  be  found.     Borage,  nettles,  and  peliitory,  thrive 

only  in  soils  which  contain  nitrate  of  lime  or  potel; 

gypsum  promotis  the  vegciailonof  lucern  andclovtrfi 

Silts  then  are  not  inactive  ;  and  when  proper!/ «p« 


«  Oelilcn**  J  Mf.  iii.  563.  f  SawMre,  Rtittrt^,p.tC4. 
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jdlcdy  lluej  proinoie  the  growth  at  vegetables.  In  these  Chap>  HL 
cases  the/  appear  to  be  ab&oibed  hy  the  plants  whkh 
ihejr  iDvigorate.  Dahamel  found  that  sea-plants  made 
liitk  progress  in  soils  which  contain  no  common  sah. 
fiuliion  made  seeds  of  sun-flower  to  grow  in  a  sandy 
^il  containing  no  trace  of  nitre.  On  examiuing  the 
plants,  no  nitrate  of  potash  could  be  detected  in   them^ 

Iut  the  salt  made   Its  appearance  as  usual  when  the 
|ants  were  watered  with  a  weak  nitrous  soltition, 
Frofn  the  experinients  of  Saussure,  wq   learn  that 
lanrs  absorb  saline  solutions  in  very  different  ptopor- 
oni»  Bud  that  In  general  those  are  absorbed  in  greatest 
quaniity  which  arc  most  iDJurious  to  vegetation.     He   ^'*l"j  J^T 
dissolved   the  following  subitances  in  water,  in  such   cncprcyor- 
proportions,  tliat  each  soluiioa   contained  -r^th  part  of  ^^^ 
its  weight  of  the  substance  dissolved,  except  the  lasf^ 
wbicli  contained  ^rh  part, 

1.  Muriate  of  potash 

2.  Muriate  of  soda 
3«  Nitrate  of  lime 
4*  Sulphate  of  soda  effloresced 

3.  Muriate  of  ammonia 
(3,  Acetate  of  lime 

7.  Sulphate  of  copper 

8.  Crystals  of  sugar 

9.  Gum  arable 
10.   Extract  of  soil 

each  of  these  solutions  he  put  plants  oi  polyganum 
tikafia^   or  oihidetu  cannahina,  furnished  with  their 


The  polygonum  grew  for  five  weeks  io  the  solu- 
iiontof  muriate  of  potash,  niiraie  of  limei  muriate  of 
le  of  soda^  and  extract  of  soil] 
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bTV.  roots  increased  in  them  as  usual.  It  langviahed  ia  the 
sdtition  of  sal-ammoniac,  and  the  roMs  made  no  pm- 
gress.  It  died  in  eight  or  ten  days  in  At  aobuions  of 
gum  and  of  acetate  of  lime,  and  in  less  tium  three 
days  in  the  solution  of  sulphate  of  copper. 

ViThen  such  a  number  of  plants  of  polygtmatn  were 
put  into  the  solutions  as  to  absorb  one  half  of  each  in 
two  days,  the  remaining  half  was  feond  to  have  kit 
▼ery  diflerent  proportions  of  the  salt  which  it  had  ori* 
pnally  contained.  Suppose  the  portion  of  salt  origi. 
nally  ia  solution  to  be  lOO,  the  following  TaUe  ezhi. 
bits  the  quantity  of  each  which  had  disappeared  when 
one  half  of  the  liqixid  was  absorbed : 

Muriate  of  potash  •  •  •  •  14*7 
Muriate  of  soda  •••«••  13 

Nitrate  of  lime 4 

Sulphate  of  soda 14*4 

Muriate  of  ammonia.  •  12 
Acetate  of  lime  ••••••  8 

Sulphate  of  copper.  •  •  •  47 

Sugar 29 

Gum  ••••••••••••••  9 

Extract  of  soil 5 

The  bidens  absorbed  pretty  much  the  same  propor. 
tions,   but  in  general  did  not  vegetate  so  long  u  Ae 
polygonum.      In  these  trials,  it  was  the  sulphate  of 
copper  and  the  sugar  that  were  absorbed  in  greateit. 
abundance,  and  these  were  the  substances  which  pravd 
most  injurious  to  the  plant.     Saussure  ezplaxos  tim 
apparent  anomaly  by  supposing  that  a  portion  of  the 
roots  were  soon  destroyed  in  these  liquids,  and  ihit 
then  they  absorbed  the  solution  indiscriminately. 
When  various  salts  were  di^sqlved  at  oape  la  M 


[>lution3y  and  plants  made  to  vegetate  in  them^  it 

id  that  different  proportions  of  the  salts  were 

The  following  Table  cxhibtcs  the  result  of 

trials,  bupposiing,  as  before,  the  original  weight 

salt  to  have  been  100.     Each  solution  contain* 

part  of  its  weight  of  each  salt* 


Soto- 

tjcm* 

Salt^ 

Salt  ib. 
*orbcd. 

1 

Sulphate  of  sod  a  effloresced 
Muriate  of  soda 

11*7 
22-0 

2 

Sulphate  of  soda  effloresced 
Muriate  of  potash 

12 
17 

3 

Acetate  of  lime 
Muriate  of  potash 

8' 
33 

4 

Nitrate  of  lit^je 
Muriate  of  amnnonia 

4-5 
16-5 

5 

Acetate  of  liuie 
Sulphate  of  copper 

31 
34 

6 

Nitrate  of  lime 
Sulphaie  of  copper 

17 

34        1 

1 

Sulphate  of  soda 
Muriate  of  soda 
Acetate  of  lime 

<5 

10 

0 

8 

Gum 

20 
34 

experiments   succeeded  nearly  equally  with 
plants^  as  the  mcntha  piperita  and  the  Scotch  ht* 
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B^uli  \v.l  When  the  root$  were  cot  or  removed,  the  plflsts  tb* 


sorbed  all  aoludons  indtscrimiKmtielj,  On 
the  plants,  the  salts  absorbed  were  foand  in 
tered  *. 

Thus  it  appears  that  plants  do  not  absorb  aaliae 

bodies  indiscriminately.      Saussure  suppoees  that  Hit 

difference  depends  rather  upon  the  degree  of  liquiditj 

which  the  solution  possesses,  than  upon  nnj  dtsaimi* 

nating  power  in  the  root.     But  if  tliis  were  the  ease,  it 

would  be  difficult  to  explain  how  so  much   greater  s 

proportion  of  water  should  be  absorbed  than  of  the  sik 

which  it  holds  in  solution. 

Manure  ne-       5.  Water,  then,  carbonic  acid,  and  oxygen,  and  per* 

thrgrowth    ^^P^  ^^^^  earths  and  salts,  constitute  a  part  of  the  fiNid 

of  |£uits.      of  plants  •  but  it  is  very  clear  that  the  whole  food  b 

not  furnished  by  these  substances.     It  is  well  knewii| 

that  if  vegetables  be  successively  raised  on   the  saoK 

ground,  tliey  at  last  exhaust  it,  or  render  it  sterile ;  lad 

to  prevent  this,  farmers  are  obliged  to  supply  their 

grounds  annually  with  a  quantity  of  manure.    Without 

this  manure,  or  some  equivalent,  plants  cannot  bemsie 

to  thrive,  or  to  perfect  their  seeds.      Neither  water, 

air,  nor  earths,  nor  salts,  will  prevent  them  from  periih- 

ing.     Giobert  mixed  together  the  four  earths^  silic^ 

aluminfl,  lime,  and  magnesia,  in  the  proper  proportm 

to  constitute  a  fertile  soil ;  and  after  moistening  then 

with  water,  planted  several  vegetables  in  them:  tit 

none  of  them  grew  well  till  he  moistened  his  soil  witk 

water  from  a  dunghil.     Lampadius  planted  diffenit 

vegetables  in  compartments  of  his  garden,  filled  esch 


*  Sauamre,  Ret.ber€hih  f*  S47f  a6l. 
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iftlti  oiie'of  \ht  pure  earth  Sj  and  watered  them  mfli  Chaplir, 
xht  liqiior  which  exuded  kdin  a  dunghill.  They  all 
grew,  fiotwithstanding  the  diversity  of  the  soil ;  and 
tach  CDBtatncd  the  nsual  earthy  constituents  of  planw, 
tiocmtHstanding  the  ^h&ence  of  these  constituents  frotii 
the  soit 

It  is  tiot  the  earths  which  constitute  tL  fertile  soil^ 
but  tht  tttiHiins  of  animal  and  vegetable  substances* 
ftnd  the  |  i  of  these  capable  of  being  held  in 

Solution  L.  .  ...I .     It  appears  from  the  experiments  of 
Mr  Hasscnfralz,  that  substances  employed  as  manures 
produce  effects  in  times  proportioned  to  their  degree  of 
ptitrefactjon  \  those  substances  which  are  most  putrid 
producing  the  most  speedy  effects,  and  of  course  soon* 
est  lo&ing  their  efficacyt     Having  manured  two  pieces 
of  the  same  kind  of  soil,  the  one  with  a  mixiure  of  dung 
and    straw  highly  putrefied^  the  other  with  the  same 
mixture'  newly  made^  and  the  straw  almost  fresh,  be 
observed,  that  during  the  first  year,  the  plants  which 
grew  on  the  land  manured  with  the  putrefied  dung  pro* 
duced  a  much  better  crop  than  the  other  :  but  the  se- 
cond year  (no  new  dung  being  added),  the  ground  which 
bid  been  manured  with  the  unputrefied  dung  produced 
the  best  crop  ;  the  same  thing  took  place  the  third  year  ; 
atler  which,  both  seemed  to  be  equally  exhausted  *• 
Here  it  IS  evident  that  the  putrefied  dung  acted  soonest, 
md  was  soonest  exhausted.     It  follows  from  this,  that 
carbon  only  acts  as  a  manure  when  in  a  particular  state 
o!  combination  j  and  this  state,  whatever  it  may  be,  is 
evidently  produced  by  putrefaction.     Another  experi* 


♦  Ann,  it  Ctim*  liv,  57. 
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Book  IV.  ^  mtnt  of  the  same  chemist  renders  this  truth  stiU  mars 
evident.  He  allowed  shavings  of  wood  to  remain  for 
about  ten  months  in  a  moist  place  till  thej  began  U> 
putrefy,  and  then  spread  them  over  a  piece  Af  grouoil 
by  way  of  manure.  The  first  two  years  this  piece  of 
ground  produced  nothing  more  than  othera  which  had 
not  been  manured  at  all ;  the  third  year  it  was  better, 
the  fourth  year  it  was  still  better,  the  fifth  year  itfeadi- 
ed  its  maximum  of  fertility ;  after  which  it  declined 
constantly  till  the  ninth,  when  it  was  quite  exhausted*. 
Here  the  effect  of  the  manure  evidently  depended  npos 
its  progress  in  putrefaction. 

-.!i^  When  vegetables  are  allowed  to  putrefy  ia  the  open 

air,  they  are  converted  into  a  loose  black  aubstaoce, 
well  known  under  the  name  of  vegitabU  momiiL  On 
this  mould  plants  grow  with  great  vigour.  It  is  the 
substance  which  renders  newly  cultivated  lands  is 
America,  &.c.  so  fertile.  When  exposed  to  the  air,ia 
the  course  of  cultivation,  it  is  gradually  wasted  sod  (k- 
stroyed,  and  the  lands  are  thus  impoverished.  This 
vegetable  mould,  therefore,  is  obviously  one  of  tbe 
grand  sources  of  the  food  of  plants.  It  deserves,  tbcre* 
fore,  an  accurate  examination. 

lu  proper^         '^^  Saussure  and  Einhof  we  are  indebted  for  a  dc- 

^'^  mical  examination  of  its  properties  and  constitueoti. 

Saussure  employed  in  his  experiments  pure  vegetahk 
soil,  which  he  procured  either  from  the  trunks  of  tms 
or  from  elevated  rocks,  where  it  was  unmixed  with 
any  animal  matter  ;  and  by  passing  it  through  a  seane, 
he  removed  from  it  the  remains  of  undecayed  vegt. 


*  Ann,  it  Cbim,  iIt.  p.  j8. 
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JPookiv.  field  which  bore  a  fine  crop  of  wheat,  was  foond  lo 
'  have  dissolved  but  four  parts.  It  appearm  bnm  the 
experiments  of  Saussure,  that  a  mould  which  yielded 
to  boiling  water,  bj  repeated  decoctions^  •n4h  of  its 
weight  of  extract,  did  not  produce  so  good  SB  effect 
upon  beans  as  a  mould  which  contained  onlj  half  that 
qoantity  of  soluble  matter.  But  whea  omsU  it  d^ 
prived  of  its  soluble  part  by  boiling  water»  though  its 
appearance  is  not  altered,  yet  it  does  not  soppoct  pints 
nearly  so  well  as  mould  which  has  not  beea  thoa  exi- 
hansted  *• 

The  extract  thus  obtained  from  mould  by  Smssaw 

did  not  deliquesce  when  exposed  to  the  air.     When  4km 

tilled  it  yielded  carbonate  of  ammonia.     It  prodqfia4ao 

change  on  vegetable  blues.     When  reduoed  to  the  path 

sistence  of  a  syrup  it  had  a  sweet  taste  ;  it  precipililil 

by  exposure  to  the  air,  and  became  turbid  when  mull 

with  lime-water,  carbonate  of  potaah^  and  most  mftfA 

lie  solutions.      Alcohol  dissolves  only  a  portion  tik^ 

and  this  part  is  very  deliquescent  f. 

And  con-         From  the  experiments  of  Einhof,  it  appeara  thai  tlie 

ttituentt.      extract  obtained  from  mould  possesses  very  nearly  ths 

properties  of  the  extractive  principal.    The  mould  whick 

he  employed  in  bis  experiments  was  from  the  soil  of  s 

wood,  and  had  been  formed  by  the  leaves  of  the  tnv 

and  the  putrefied  herbs.     It  was  black,  firm,  prodont 

no  change  on  vegetable  blues,  and  contained  no  uo4lV 

cayed  plants  %•     Water  in  which  this  mould  was  b«L 

^ed  was  at  first  colourless  \  but  by  exposm:e  to  tlv 


«  Ricifrcbit,  p.  170.  t  Ibid.p.1744 
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Quired  a  brownish  licit.     The  substance  which     Chtp^m 
A  ioluttoa  possessed  exactij  the  characltr^of 
*e?* 

riments  upon  vegetable  mould  have  been  msde 
Braconnol.  He  found  no  portion  of  it  soluble 
.     Hh  other  results  resembled  those  of  Saus- 

Whcn  an  alkaline  ley  was  boiled  with  mould 
A  wms  dissolved.  The  residue  had  the  exact 
nee  of  pit  coal  ^. 

Ics  this  fertile  vegetable  mould,  Einhof  has  ex-  ^' »**  *fg«* 
another  ot  a  ditterent  nature,  to  which  be  has 
le  name  of  acid  vegetahit  mould.  It  occurs  in 
tg  meadows  and  marshes,  and  Uie  plants  which 
on  it  in  these  situations  are  the  different  species 
\  juncui^  and  iriof>horum.  It  constitutes  also 
cipal  part  of  the  mould  m  high-lying  situations, 
19  where  the  soil  is  covered  with  heath  {erica 

)*  This  mould  is  disthigui^hed  from  the  pre*i> 
\j  containing  a  notable  portion  of  phosphoric 
k  acidsi  which  give  it  the  property  of  redden* 
table  blues.  The  extractive  which  it  cootatna 
f  insoluble  in  waterf.  This  sour  vegetable 
lears  a  considerable  resemblance  to  peat,  iota 
id«ed  it  probably  passes.     Like  it,  peat  con- 

lorlion  of  phosphoric  acid,  and  probably  also 
acid,  and  an  extractive  readily  soluble  in  al* 
oQgh  but  sparingly  in  water  {« 

I  has  observed,  that  acid  vegetable:  mould  nc-    F/Tcrt  of 
rsin  those  soils  which  abound  in  lime,  and  that  tnould* 


,  tsri  tgr* 


t  Gehlen,  iri.  J7f 


stst9  of  &n  examination  of  the  excrements  of  black  cat-^  Chip.  HI 
tie  • ;  and  the  second,  by  Berxelius,  is  upon  the  human 
excremcnlitious  matter  t*  These  add  considerablj  to 
<fm  knowledge  of  animal  substances^  and  shall  therefore 
be  Qoticed  in  a  subsequent  part  of  this  Work  ;  but  as 
thej  throw  little  Ifght  on  the  use  of  these  matters  as 
manuret,  it  is  unnecessary  to  give  a  detail  in  this  place 
of  the  constituents  of  which  ihey  found  them  composed. 

Such  it  the  present  state  of  our  ktrowledge  respect-   Food  »1>- 
ing  the  food  of  plants,  as  far  as  it  is  supplied  by  the  soil   the  cndt  u 
in  which  they  vegetate.     Il  is  probable  that  it  is  im-    ^^^  ^^^^ 
btbed  by  the  extremities  of  the  roots  only  ;  for  Duha* 

1  observed,  that  the  portion  of  the  soil  whlchris  soon- 
I  exhausted  is  precisely  that  part  in  which  the  great- 
esl  number  of  the  extremities  of  roots  liest*     This 
shows  us  the  reason  why  the  roots  of  plants  are  conti* 
Rually  increasing  in   length.     By  this  means  they  are 
enabled,  in  some  measure^  to  go  in  quest  of  nourish- 
ment.    The  exiremilies  of  the  roots  seem  to  have  a 
peculiar  structure  adapted  for  the  imbibing  of  moisture. 
If  we  cut  off  the  extremity  of  a  root,  it  never  increases 
toy  more  in  length  :  therefore  its  use  as  a  root  has  been 
tn  a  great  measure  destroyed.     But  its  sides  send  out 
fibres  which  act  the  part  of  roots,  and  imbibe  food  by 
their  extremity.     Nay,  in  some  cases,  when  the  extre- 
mity of  a  root  is  cut  off,  the  whole  decays,  and  a  new 
one  is  formed  in  its  place.     ThU,  as  Dr  Bell  informs 
oSiis  the  case  with  the  hyacinth  ^.  * 

The  extremities  of  the  roots  contain  no  visible  open*  if  nmttht 
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Bookiv*^  i£g^  Hence  we  saay  conclude  that  the  food  which'  thcj 
imbibe,  whatever  it  may  be,  must  be  io  a  stale  of  to- 
hitioQ  ;  while  the  absolute  neceaaity  of  water  vendera  it 
probable  that  water  is  the  solvent.  And,  in  fiwiy  the 
carbonaceous  matter  in  all  active  maniires  is  in  Hwh  a 
state  of  combination  that  it  is  soluble  in  water*  All  the 
salts  which  we  can  suppose  to  make  a  part  of  the  food 
of  plants  are  more  or  less  soluble  in  water.  This  is  the 
case  also  with  lime,  whether  it  be  pure  or  in  the  slate 
of  a  salt ;  magnesia  and  alumina  may  be  rcadcred  ss 
by  means  of  carbonic  acid  gas  ;  and  Bergman^  Msdi^ 
and  Klaprothy  have  shown  that  even  silica  may  be  dis- 
solved in  water*  We  can  see»  therefore^  in  gnmi^ 
though  we  have  no  precise  notions  of  the  very  combi- 
nations which  are  immediately  imbibed  by  plenty  tkn 
all  the  substances  which  form  essential  pacts  of  tint 
food  may  be  dissolved  in  water. 


SECT.  III. 


OF  THE  MOTION  OT  THE  SAT. 


Since  the  food  of  plants  is  imbibed  by  their  roots  is 
a  fluid  state,  it  roust  exist  in  plants  ia  a  luid  state ;  iid 
unless  it  undergoes  alterations  in  its  composition  just 
when  imbibed,  we  may  expect  to  find  it  in  the  plant 
unaltered.  If  there  were  any  method  of  obtaining  this 
fluid  food  from  plants  before  it  has  been  altered  by 
them,  we  might  analyse  it,  and  obtain  by  that  means  a 
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moce  a€curate  koowledgc  of  the  food  oC  plsuiis 
ihao  wc  can  by  any  other  niithod.  This  plan  indeed 
most  f«ilv  provided  the  food  undergoes  alteration  ju&t 
nvbeQ  it  is  absorbed  bj  the  roots:  but  if  wc  consider^ 
that  when  one  species  of  tree  is  grafted  upon  another^ 
each  bears  its  own  peculiar  fruity  and  producer  its  own 
peculiar  substances,  we  can  scarcely  avoid  thinking  that 
thc^ry^U  changes  at  least,  which  the  food  undergoes 
after  abftoiption,  are  produced,  not  in  the  roots^  but  in 
oth^r  pans  of  the  plant* 

If  this  con  dust  on  be  just,  the  food  of  plants,  after    Sap  of 

being  imbibed  by  the  ro4>ts,  oriust  go  directly  to  those 

organs  vrhcie  il  is  to  receive  new  naodifications,  and  to 

be  rendered  fit  for  being   assimilated  to  the  different 

parti  of  the  plant*    There  ought  therefore  to  be  certain 

jotcea  continually  ascending  from   the  roots  of  plants^  | 

tad  these  juices,  if  we  could  get  them  pure  and  tin- 

miaed  with  the  other  juices  or  fluids  which  the  plant 

must  contain,  aad  which  have  been  secreted  and  formed 

from  these   primary  juices^  would  be,  very  nearly  at 

Itait,  the  food  as  it  was  imbibed  by  the  plant.     Now, 

during  the  vegetation  of  plant>,  there  actually  is  %  juice 

coDtinually  ascending  from  their  roots.     This  juice  has 

bbc^n  called  the  sap^  the  succm  ammunit^  or  the  ^ymph 
Jfplaota.  .     ^.  ;•',.•   • 

The  sap  is  most  abundant  during  the  spring.  At 
tilftticasoo,  if  a  cut  be  made  through  the  bark  and  part 
flf  kht  wood  of  some  trees,  the  sap  flows  out  very  pro- 
ftkiely.  The  trees  are  then  said  to  hked.  By  this  con- 
Irifincc  aoy  quantity  of  sap  we  think  proper  may  be 
b  CDlUctffid^  It  is  not  probable,  indeed,  thai  by  this  mc- 
^  tbd  me  ohiaia  the  ascending  sap  in  aU  it«  purity  \  it  ts 
t  i     ao  doubt  mixed  with  the  peculiar  juices  of  the  plant : 


Flows  out 
in  the 
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Book  IV.  but  the  less  progress  vegetation  has  nadei  the  purer  we 
nay  expect  to  find  it ;  both  becaose  the  peculiar  juices 
must  ;be  in  much  smaller  qaantitj,  and  btfcaose  its 
quantity  may  be  supposed  to  be  greater.  We  tboold 
therefore  examine  the  sap  as  early  in  the  season  ts 
possible,  and  at  all  events  before  the  leaves  hare  ex- 
panded. 

Though  a  number  of  experiments,  as  we  have  seen 
in  the  last  Chapter,  have  been  made  upon  the  tap,  thej 
are  not  of  such  a  nature  as  to  throw  much  light  opoo 
the  food  absorbed  by  plants.     Chemistry  has  not  made 
snch  progress  as  to  enable  even  the  most  expert  ms- 
lysts  to  separate  and  distinguish  small  quantities  of  ye. 
getable  matter.     It  is  even  possible  that  the  food,  after 
it  has  been  imbibed,  may  be,  to  a  certain  extent,  modi* 
iied  and  altered  by  the  roots.     In  what  manner  this  ii 
done  we  cannot  say,  as  we  know  very  little  about  the 
vascular  structure  of  the  roots.     We  may  conclude, 
however,  that  this  modification  is  nearly  the  same  k 
most  plants :  for  one  plant  may  be  engrafted  on  anodier, 
and  each  continue  to  produce  its  own  peculiar  prodacti; 
which  could  not  be,  unless  the  proper  substances  were 
conveyed  to  the  digestive  organs  of  all.     There  are  le- 
veral  circumstances,  however,  which  render  the  modi- 
fying  power  of  the  roots  somewhat  probable.    It  is 
even  possible  that  the  roots  may,  by  some  means  or 
other,  throw  out  again  some  part  of  the  food  whida 
they  have  imbibed  as  excrementitious.     This  has  beeam 
suspected  by  several  physiologists  $  and  there  are  se-- 
veral  circumstances  whicli  render  it  probable.     It  ijs 
well  known  that  some  plants  will  not  vegetate  well  af <- 
ler  others ;  and  that  some  again  vegetate  unusually  well 
ivhen  planted  in  grQund  where  certain  plants  bad  be 
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trowlog.  Thc&e  facts,  without  doubt,  may  be  account-  Chap.  I<L j 
td  for  on  other  principles.  If  there  be  any  excrcmeo* 
titious  matter  cmuted  by  the  roots,  it  is  much  more  pro- 
bable that  this  happens  in  the  last  stage  of  vegetation  ; 
fhM  IS  to  say,  when  the  food,  after  digestion^  is  applied 
lo  the  purposes  which  the  root  requires.  But  the  fact 
ought  to  be  supported  by  experimentS|  otherwise  it 
cvmot  be  admitted. 

Mr  Knight,  to  whose  ingenious  and  important  expe-   Miicdwjtfcl 

4  true  iip  lA  I 

nmems  and  observations  vtgetable  physiology  lies  un-  iuaaccnt- 
dcr  so  many  obligations,  has  rendered  it  extremely  pro- 
liable^  that  the  sap,  as  it  ascends,  is  mixed  with  a  quao- 
Itty  of  matter,  previously  deposited  in  the  alburnum  ibr 
thy  purpose,  and  residy  prepared  to  be  assimilated  to 
^^jdifferent  vegetable  organs*.  According  to  him, 
[llants,  after  they  have  attained  their  full  growth,  are 

, ^   red  daring  the  latter  part  of  summer  in  prepa- 

i^^      .d  lor  the  expanding  of  the  buds  and  blossoms 

Httie  succeeding  spring.     This  food  when   prepared 

■l^eposiled  in  th(»  alburn uoi.     Here  it  continues  du^ 

riag  the  winter,  and  in  next  spring,  mixing  with  the 

jj^cending  sap,  it  alTurds  nourishment  to  the  buds  and 

|Hp^.     This  ingenious  opinion  Mr  Knight  has  sup* 

^Kted  by  experiments  and  observations,  sulHcient,  I 

lliink,  to  establish  its  truth.     It  constitutes  a  very  im* 

At  step  in  vegetable  physiology,  us  it  enables  us 

sptain  many  circumstances   in  a  satisfactory  man* 

f  that  appeared  formerly  altogether  anomalous. 

:  asceitaioed,  by  experiments,  tliat  the  sap  increases 


1^  0«  l(r  Stat*  im  ^tkh  tbt   Tru*  Safi  */  Trrft  U  Jip«tit*J  /ifrij  trim* 
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^^-    in  deftsity  as  it  ascends  towards  the  tetves.     Sap ejt* 
tracted  from  the  sycamore,  close  to  the  gtoond^  sras  of 
the  specific  gravity  1*004 ;  while  that  which  flawed  out 
ot  the  height  of  seven  feet  was  1*008^  and  at  the  height 
of  12  feet  1*012.     The  sap  of  the  birch  wfta  stHnewhat 
lighter,  hot  its  comparative  increase  of  density^  accord* 
ing  to  its  height,  was  the  same.     When  estraeted  aesr 
the  ground,  the  sap,  both  of  the  syeareore  and  birdi, 
was  dearly  tasteless ;  bat  it  became  sensibly  sweet  at 
some  height,  and  the  sweetness  increased  with  the  dif. 
tance  from  the  ground.      Thus  it  appears^  tl|at  die 
qnaotity  of  vegetable  matter  in  sap  increaaes  as  it  flowi 
towards  the  leaves ;  a  direct  proof  that  it  imbibes  lal 
mixes  with  something  during  its  passage*     That  thh 
matter  was  lodged  in  the  alburnnm  was  rendered  pm. 
bable  by  comparing  with  each  other  the  Albmnom  il 
winter  and  in  summtT.     For  if  nutriment  be  laid  apis 
the  alburnum  in  winter,  and  employed  in  aiunflier  te 
the  purposes  of  vegetation,  it  is  obvioas  that  the  albor* 
num  during  winter  ought  to  be  denser,  and  ongbt  Is 
yiel^  more  extract  to  water,  than  the  same  sabstancein 
summer :  both  of  which  Mr  Knight  found  to  be  the  csse« 
Oak  poles,  of  the  same  age,  and  growing  from  thetsne 
stool,  were  felled,  partly  in  December  and  partly  ii 
May.     They  were  placed  in  the  same  situation,  sod 
dried  for  seven  weeks  by  a  fire.     The  specific  gravity 
of  the  winter  felled  wood  was  0*679,  of  the  sununsr 
0'609.     When  the  alburnum  alone  n^as  weighed,  de 
specific  gravity  of  the  winter  felled  was  0*589  ;  of  the 
summer  felled  0*533.     1000  grains  of  each  being  mix* 
ed  with  six  ounces  of  boiling  water,  and  left  to  mace* 
rate  for  24  hours,  the  winter  felled  infusion  was  mach 
deeper  coloured  than  the  otlier.     Its  specific  grav  itj 
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white  that  of  the  sumtner  fclkd  infusion    C^"^  i^ 
wa«  l*001*     This  de(»osiuon  of  nuiriiiou^  matter  ex-^ 
wh)r  the  aJbnrnuoi  of  trees  feljed  in  winter  is 
more  solid  and  valuable  thim  the  albumom  oC 
trees  feUed  in  uimnaer. 

Tlic  S8[%  as  Dr  Hales  has  shown  ut^  ascends  with  a 
v^ry  cotisiderable  force.  It  is&aed  during  the  bleeding 
umion  with  such  impetuosity  from  the  cut  end  of  a 
vine  briocb^  that  it  supported  a  column  of  mcrctiry  32^ 
inches  high*. 

New,  what  is  the  particular  channel  through  which 
the  fl«p  ascendSi  and  what  is  the  cause  of  the  force  whh 
wbicti  it  moves  ?  These  are  questions  which  have  ex- 
cited  a  great  deal  of  the  fttteotioti  of  those  philosophers 
who  have  made  the  physiology  of  vegetables  their  par- 
ticubr  itady  ;  but  the  examination  of  ihem  is  attended 
with  so  many  diffieuhies  that  they  are  very  far  from  be- 
ing decided* 

It  is  tertam  that  the  sap  flows  from  the  roots  to-   Sipaeewlw 

wards  the  summit  of  the  tree.     For  if  in  the  bleeding 

setioti  %  number^of  openings  be  made  in  the  tree,  the 

li^  begins  first  to  flow  from  the  lowest  opening,  theft 

^m  the  lowest  but  one,  and  so  on  successively,  till  at 

hit  it  makes  its  appearance  at  the  highest  of  all  ;  and 

fihen  Dubamel  and  Bonnet  made  plants  vegetate  in  co^ 

loired  liquors,  the  colouring  matter,  tvhtch  was  dcpo- 

fitfd  ID  the  wood,  appeared  firit  in  the  lowest  part  of 

Ik  tree,  and  gradually  ascended  higher  and  higher,  till 

I     «l  last  it  reached  the  lop  of  the  tree^  and  tinged  the  rer^ 

'     lorres. 


I 
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It  teemi  certaio  too  that  ihe  saf  aaccndi 
tli«  woody  and  not  through  the  biurk  of  the  tree  2 
plaat  coDtbucH  to  grow  even  when  strtpt  of  m 
fian  of  its  bark;  which  could  not  happen  if  the 
ascended  through  the  hark.  When  an  tiictsioti»  (kqi 
tnough  to  penetrate  the  bark,  and  even  part  of 
woody  is  carried  quiee  round  a  branch,  {provided 
wound  be  covered  up  frono  the  external  air,  the  bn 
continties  to  vcgeUteas  %i  nothing  ha4  happened )  wkidi 
could  not  be  the  case  if  the  sap  ascended  between  tk 
bark  and  the  wood.  Ii  is  well  known,  too^  thai  in  tlie 
bleeding  season  little  or  no  sap  can  be  got  from  aUtc 
unless  our  incision  penetrate  deeper  than  the  bark* 

These  concUmons  have  been  confirnied  by  the  ftpt* 
rtments  made  lately  by  Coulomb  and  Knight.  Coui> 
looib  observed  that  no  sap  ever  flows  from  the  popUr 
tUl  the  tree  be  cut  nearly  to  the  centre  *«  Mr  V. 
observed  that  coloured  infusions  always  pass  ti^>vo^«. 
the  albuniuiHy  and  that  whenever  the  alburnum  is  cm 
through  the  plant  dies  f. 

As  the  sap  is  never  found  in  the  parench/ms,  ' 
of  necessity  be  confined  in   particular  vevsels ;   iu- 
were  noty  it  would  undoubtedly  make  its  appearsnct 
there.     Now,  what  are  the  vessels  through  which  tin 
sap  ascends  ? 

Grew  and  Malpighi^  the  first  philosophers  who  exa* 
mined  tbc  structure  of  plants,  took  it  for  granted  thit 
ibe  woody  fibres  were  tubes*  and  that  the  sap  av 
through  them.     Fo^  this  reason  they  ga%'e  these 
the  name  oi  ijmpbatic  vesseh.     But  they  were  u 
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sistcd  by  the  best 
these  fibres  which  had 


microscopesj  to  detect    t:hap.  in;^ 
appearance  of  a 


Scceeding  observers  have  been  equallj  ud- 
l.  The  coajecture  therefore  of  Malpighi  and 
lont  the  nature  and  use  of  these  fibres,  remains 
supported  by  any  proof,  Duhamtl  has  even 
|o  overturn  it  altogether:  for  he  found  that 
)Af  fibres  are  divisible  into  smaller  fibres^  and 
in  into  sttU  smaller  ;  and  even,  by  the  assist- 
be  best  nnicroscopes,  he  could  find  no  end  of 
vision  *.  Now,  granting  these  fibres  to  be 
i  18  scarcely  'possible,  after  this,  to  suppose 
Ip  rciUy  moves  through  tubes,  whose  diame- 
inost  infinitely  small.     There  arc,  however, 

plants  which  may  easily  be  disvin^lshed  by 
rf  a  small  microscope,  and  even  in  many  cases 
kcd  eye*  These  were  seen,  and  distinctly  de- 
ly  Grew  and  Malpighi*  They  consist  of  a 
ktA  roimd  like  a  corkscrew.  If  we  take  k 
inder  of  wood,  and  wrap  round  it  a  slender 
f,  so  closely  that  all  the  rings  of  the  wire  touch 
V  and  if,  after  this,  we  pull  out  the  wooderi 
Utogeth^f^  the  brass  wire  thus  twisted  will 
very  good  representation  of  these  vessels*  If 
lold  of  the  two  ends  of  the  brass  wire  thus 
fid  pull  them,  we  can  easily  draw  out  the  wire 
derable  length.  In  the  same  manner,  vrhen 
»td  of  the  two  extremities  of  these  vesseh,  wc 

thera  out  to  a  great  length.  Malpigbii  and 
iding  them  always  empty,  concluded  that  they 
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Book  IV.  were  intended  for  the  circulation  of  die  air  through  the 
plant,  and  therefore  gave  them  the  name  of  InufliAr/ 
which  word  is  used  to  denote  the  vmu^fe  of  aniimli. 
These  trachea  are  not  foand  in  the  bark  |  bat  Hedwig 
has  shown  that  thej  are  much  more  nomeroas  ia  the 
wood  than  was  supposed ;  and  that  thcj  are  of  rtrj 
different  diameters ;  and  Reichel  has  demoaatrated  Aat 
thej  go  to  the  minutest  braoches,  and  qiread  tbroagfa 
every  leaf.  He  has  shown^  too,  that  thej  oontam  sq»i 
and  Hedwig  has  proved  that  the  notion  which  geocnllj 
prevailed  of  their  containing  nothing  bat  aifp  aron 
from  this  circumstance,  that  the  larger  traeit^t,  which 
alone  were  attended  to,  lose  their  sap  aa  aeon  u  tkj 
are  cut ;  and  of  course,  unless  thej  are  inspected  the 
instant  thej  are  divided,  thej  appear  emptj*.  Is  it 
not  probable,  then,  from  the  discoveries  of  that  voj 
ingenious  physiologist,  that  the  traches  are^  in  rtJbff 
the  sap  vessels  of  plants  ?  Indeed  it  seems  rttaHJAt^ 
by  the  experiments  both  of  Reichel  and  Hedwig^  fbH 
almost  all  the  vessels  of  plants  maj,  if  we  attend  oolj 
to  their  structure,  be  denominated  tracbegt.  But  whe* 
ther  the  structure  of  the  sap  vessels  be  similar  to  dnt 
of  the  tracheae  or  not,  it  has  been  perfectlj  ascertaned 
that  the  sap  ascends  in  vessels,  and  that  these  vesMb 
are  situated  in  the  wood,  chiefly  indeed  in  the  albor* 
num.  Hence  Mr  Knight  has  given  them  the  name  of 
alhurnous  vessels. 

Its  ucen-  But  by  what  powers  is  the  sap  made  to  ascend  a 

these  vessels  ?  and  not  only  to  ascend,  but  to  move  wiA 
very  considersble  force  \  a  force,  as  Hales  has  shoin^ 
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[  lo  overeome  the  pressure  of  43  feet  perpendi-    ^Chap,  IIL^ 
-water  •  ? 

ascribed  this  phcaomenon  to  the  levity  of  the  Atcribed  t<» 
ilcbf  according  to  him,  entered  the  plant  in  the     *  ^^  ■  * 
I  very  light  vapour.     But  this  opinion  will  not 
i  slightest   examination-      Malpighi   supposed   TotWcoiv' 

Kwas  made  to  ascend  by  the  contraction  and  air;  "^ 
he  air  contained  in  the  air  vessels.  But 
re  to  grant  that  the  tracheae  are  air  vessels, 
irding  to  this  hypothesis,  could  only  ascend 
change  of  temperature  takes  place ;  which  is 
to  fact.  And  even  if  wc  were  lo  wave  every 
k  0f  that  kind,  the  hypothesis  would  not  ac* 
f  the  circulation  of  the  sap,  unless  the  sap  ves- 
irovided  with  valves*  Now  the  experiments  of 
id  Duhamel  show  that  no  valves  can  possibly 
them  :  For  branches  imbibe  moisture  nearly 
bjr  either  end  ;  and  consequently  the  sap  moves 
^■ctlity  both  upwards  and  downwards,  which 
itbt  do  were  there  valves  in  the  vesscb.      Be* 

6 known,  from  many  experiments,  that  we 
i  the  roots  of  a  tree  into  the  branches,  and 
!i  into  the  roots,  by  co%*ering  the  branches 
tb,  and  exposing  the  roots  to  the  air  f.  Now 
Id  be  impossible  if  the  sap  ves^sets  were  provi* 
^nlves.     The  same  remarks  overturn  the  hy- 
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hM  lately  ihowo  that  the  inirertcd  ahooti  by  no  meant 
whcti  in  thdr  natural  position;  and  hat  even  made  tf 

vesKk  of  the  bark  arc  funiithed  wtth  «alf««,  or  Witb 
1  {adduced  to  induce  ii> 
u — Sec  hit  Ohtrv9iivti 
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Book  IV.  pothesis  of  Mr  de  la  Hire,  which  ii  merely  thtt  of  Mtl« 
pighi,  expressed  with  greater  precision,  mod  with  a 
greater  parade  of  mechanical  knowledge.  Like  Borel- 
liy  he  placed  the  ascending  power  of  the  sap  in  the  pa- 
renchyma.  But  his  very  experiments,  had  be  attend* 
ed  to  them  with  care,  would  have' been  anffidentto 
show  the  imperfection  of  his  theory. 

The  greater  number  of  philosophers  (for  it  is  fled- 
less  to  mention  those  who,  like  Perrault,  had  reeoane 
to  fermentation,  nor  those  who  introduced  the  weight 
of  the  atmosphere)  have  ascribed  the  motion  of  the  uf 
to  cafiUarjf  attraction. 
To  caftllA-  There  exists  an  attraction  between  many  solid  bodia 
and  liquids ;  in  consequence  of  which,  if  these  solid 
bodies  be  formed  into  small  tubes,  the  liquid  enim 
them,  and  rises  in  them  to  a  certain  height.  Bot  tUi 
is  perceptible  only  when  the  diameter  of  the  tube  isncj 
small.  Hence  the  attraction  has  been  denominated  cs- 
pillory.  We  know  that  there  is  such  an  attraction k* 
tween  vegitable  fibres  and  watery  liquids ;  for  socfa  li- 
quids will  ascend  through  dead  vegetable  matter.  It 
is  highly  probable,  therefore,  that  the  food  of  phm 
enters  the  roots,  in  consequence  of  the  capillary  attnc- 
tion  which  subsists  between  the  sap  vessels  and  tbeli* 
quid  imbibed.  This  species  of  attraction,  then,  w31 
account  perfectly  well  for  the  entrance  of  moisture  \ttk 
the  mouths  of  the  sap  vessels :  But  will  it  account  abo^ 
as  some  have  supposed,  for  the  ascent  of  the  sap^aoi 
for  the  great  force  with  which  k  ascends  ? 

The  nature  and  laws  of  ca^^Wttfaction  hsfsbp»  ^i 
very  much  overlooked  by ; 
enough  concerning  it  to  en 
question.     It  consists  in') 
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ihc  parfidcs  of  the  liquid  and  of  the  lube*  It  has  been  Chap,  ul 
demonstrated,  that  it  does  not  extend,  or  at  lea^t  that  it 
prodnccs  no  sensible  effect,  at  greater  distances  than 
.^.Q^th  part  of  an  inch.  It  has  been  demonstrated, 
that  the  water  ascends,  not  by  the  capillarj  attraction 
af  the  whole  tube,  but  of  a  slender  film  of  it ;  and  Clai- 
rattl  has  shown  that  this  film  is  situated  at  the  lower* 
most  cxiremitj  of  the  tube  *,  This  film  attracts  the 
liquid  with  a  certain  force  ;  and  if  this  force  be  greater 
than  the  cohesion  between  the  particles  of  the  liquid^ 
part  enters  the  tube,  and  continues  to  enter^  till  the 
quantity  above  the  attracting  dim  of  the  tube  just  equals, 
by  its  weight,  the  excess  of  the  capillar jr  attraction  be> 
Iwecn  tlie  tube  and  the  liquid  above  the  cohesion  of  the 
liquid*  The  quantity  of  water,  therefore,  in  the  tube 
is  pretty  nearly  the  measure  of  this  excess  j  for  the  at- 
tracting film  is  probably  very  minute. 

It  has  been  demonstrated,  that  the  heights  to  which  But  with- 
liquids  rise  in  capillary  tubes,  are  inversely  as  the  dia* 
meter  of  the  tube.  Consequently  the  smaller  the  dia- 
meter of  the  tube,  the  greater  is  the  height  to  which 
liquid  will  rise*  But  the  particles  of  water  are  not 
infinitely  small}  therefore,  whenever  the  diameter  of  the 
tube  U  diminished  beyond  a  certain  size,  water  cannot 
ascend  in  it,  because  its  particles  are  now  larger  than 
^ihc  bore  of  the  tube.     Consequently  the  rise  of  water 


•  The  ictioo  of  all  the  other  filnu,  of  which  the  tube  U  conipoied,'«ii 
•It  witcr,  ••  ftf  u  it  t»  Dieiumred  hy  hi  cficet,  it  nothing  it  jiU  .    For 
•V  pAttkle  i»f  wAtcr  in  the  tube  (etcept  tho«e  ittractcd  by  the  under • 
H)  it  iitncted  up^ardt  and  downwards  bf  th<  func  nomber  of 
ti  therefore  precisely  m  the  tunc  ftatc  at  if  It  were  not  avu-atted 
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in  capillary  tubes  must  have  a  limit :  if  they  exceed  i 
certain  length,  how  small  soever  their  bore  may  be, 
ter  will  cither  not  rise  to  the  top  of  them,  or  it  will 
enter  them  at  all.     We  have  no  method  of  ascenaiai 
the  precise  height  to  which  water  would  rise  io  a  ^e. 
piUary  tube,  whose  bore  is  jiut  large  enough  to  a'l^^H 
a  single  particle  of  water.     Therefore  we  do  not  knal^^ 
the  limit  ot  the  height    to  which  water  may  be  raiied 
by  capillary  attraction.     But  whenever  the  bore  ii4t* 
mirii&hed  beyond  a  certain  size,  the  quantity  of  watti 
which  rises  in  it  is  too  small  to  be  $etisiblc.     We  cao 
easily  ascertaio  the  height  which  water  cannot  excod 
in  capillary  tubes  before  this  happens;  and  if  any  per* 
son  calculate,  he  will  find  that  this  height  ia  not  neaclj 
equal  to  the  length  of  the  sap  vessels  of  many  pli 
But  besides  all  this,  we  see  in  many  plania  very 
sap  vessels,  of  a  diameter  too  large  for  a  liquid  to 
in  them  a  single  foot  by  capillary  attraction,  and  yet 
sap  rises  in  them  to  very  great  heights. 

If  any  person  tajs  that  the  sap  vcs&cU  of  planta 
dually  diminish  in  diameter   as  they  ascend  i  and  tl 
in  consequence  of  this  contrivance,  they  act  prrd 
as  an  indefinite  number  of  capillary  tubea,  cue  r 
upon  another,  the  inferior  serving, at  a  reservoir  lor 
the  su  perioral  answer,  that  the  sap  may  as^^od  bj 
that  means  to  a  considerable  height :    but  certaialy  not 
in  any  greater  quantity  than  if  the  whole  sap  vessel  bad 
been  precisely  of  the  bore  of  its  upper  extremity  j  for 
the  quantity  of  sap  r^itsed  must  depend  upon  the  boft 
of  the  upper  extremity,  because  it  must  all  pass  through 
that  extremity. 

But  farther,  if  the  sap  m^*^T^||lj  b  the  vesscis  d 
plants  by  capillary  attrac  VtaUj^^nJ^ffoia 
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Rowing  out  at  the  extremitj  of  a  brwicb^  mrlth  a  force    Chap,  iil 
suflScienl  lo  overcome  ihe  pressure  of  a  coluain  of  %va* 
let  4J  foct  higb^  that  it  could  not  flow  out  at  alL      It 
would  be  impossibie  in  that  case  for  any  sttch  thing  as 
the  bleeding  of  trees  ever  to  happen. 

If  we  lake  a  capillary  tube^  of  such  a  bore  that  a  li* 
^md  will  rise  in  it  six  inches,  and  after  the  liquid  has 
risen  to  iti  greatest  height^  break  it  short  three  inches 
IroB  the  bottom,  none  of  the  liquid  in  the  under  half 
flaws  over*      The  tube^  thus  shortened,  continues  in* 
deed  full,  but  not  a  single  particle  of  liquid  ever  escapes 
from  it.     And  how  is  it  possible  for  it  to  escape  ?  The 
film,  at  the  vfifir  extremity  of  the  tube,  must  certainly 
hmve  as  strong  an  attraction  for  the  liquid  as  the  film 
at  Uw  hwer  extreoiity.     As  part  of  the  liquid  is  within 
iti  attracting  distance,  and  as  there  is  no  part  of  the 
tnbe  above  to  counterbalance  this  attraction,  it  must  of 
neoeaaity  attract  the  liquid  nearest  it,  and  with  a  force 
to  counterbalance  the  attraction  of  the  under- 
;  film,  how  great  soever  we  may  suppose  tt^     Of 
no  liquid  can  be  forced  up,  and  consequently 
can  flow  out  of  the  tube.  Since,  then,  the  t^^Jlows 
Ml  at  the  upper  extremity  of  the  sap  vessels  of  plants, 
we  ate  absolutely  certain  that  it  does  not  ascend  in  them 
JDcrety  by  its  capillary  attraction,  but  that  there  is  some 
lyther  cause. 
It  is  impossible,  therefore,  to  account  for  the  motion 
the  sap   in   plants  by  any  mechanical  or  chemical 
aciples  whatever  \  and  he  who  ascribes  it  to  these 
:tples  has  not  formed  to  himself  any  clear  or  accu* 
""flte  conception  of  the  subject.     We  know  indeed  that 
Imt  b  an  agent ;  for  Dr  Walker  found  that  the  ascent 
iie  tap  is  much  promoted  by  beat«  and  that  after  it 
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BoA  ^>  had  btgsci  to  flow  from  leveiml  inciftiofiis,  colli  made  it 
ghre  over  finwtng  horn  the  biglicr  orifices  whik  tt  coo* 
tinucd  to  flow  at  the  tower  *.  Bui  thU  imnoot  be  owin| 
to  the  diUting  power  of  be«it ;  i<^t  tittlesi  ilic  sap  veiMii 
of  plants  were  fumUhcd  with  vulveH  diUtalioii  wouU 
catber  retard  than  promote  the  atoeot  of  the  sap. 

Wc  must,  therefore,  ascribe  it  to  some  otlver  ctii»e : 
the  vessels  themselves  must  certainlj  act.  Minjr  pbilo* 
aophers  have  aeeti  the  neceisttj  of  this,  and  have  accord* 
iiigly  ascribed  the  ascent  ot  the  sap  to  irritahiHiy*  Bat 
the  drst  person  who  gave  a  precise  view  of  ibe  aaofifr 
in  which  the  vessels  probably  act  was  SaussofB.  rHs 
supposes  that  the  sap  enters  the  open  iDOOthi  of  the 
vessels  at  the  extremity  of  the  roots  -,  that  ibrse  moathi 
then  contract,  and  by  that  contract! on  propel  the  sip 
upwards;  that  this  contraction  gradoally  follows  ths 
sapp  pushing  it  up  from  the  extremity  of  the  root  to  tlit 
stimmit  of  the  plant,  in  the  mean  tiroc  the  montlli 
arc  receiving  new  sap,  which  in  the  same  manner  ii 
pushed  upwards  t«  Whether  wc  suppose  the  contne* 
tioQ  to  lukc  place  precisely  in  this  manrtrr  or  i>of,  wt 
can  scarcely  dtny  that  it  must  take  place  j  but  by  wbit 
meansit  is  im possible  at  present  to  Mty.  Tiie  agtflU 
cannot  preci»ely  resemble  the  muscles  of  animals;  bcu 
cause  Uie  whole  tube,  however  cut  or  maimed,  still  ra> 
tains  its  conirscting  power,  and  because  thr  contraaios 
is  performed  with  equal  read  mess  in  every  dtrectio/](» 


t  Mr  Knight  thinkn  it  prob 
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is  evident,  however^  tb&t  tbej  roust  be  the  same  in 
kind*  Perhaps  the  particular  structure  of  the  vessels 
may  fir  them  for  their  office*  Does  ring  after  ring  con- 
tract m  diameter  ?  The  contracting  agents,  whatever 
thcj  are,  acem  to  be  excited  to  act  by  «ome  stimulus 
commuotcated  to  them  by  the  sap.  This  capacilj  of 
being  excited  to  action  is  known  in  physiology  by  the 
Bftme  of  trritabiiity  j  and  there  are  not  wanting  proofs 
thai  plants  are  possessed  of  it*  It  is  well  known  that 
diftrent  parts  of  plants  move  when  certain  substances 
act  upon  them.  Thus  the  flowers  of  many  plants  open 
at  sunrise,  and  close  again  at  night.  Linnaeus  has  given 
us  a  list  of  these  plants*  De^  Fontaines  has  shown  that 
the  atamina  and  anthers  of  many  phnts  exhibit  distinct 
motions  *.  Dr  Smith  has  observed,  that  the  stamina  of 
tbe  barberries  are  thrown  into  motions  when  touched  f* 
Roth  has  ascertained  that  the  leaves  of  the  drosera  Ion- 
gijoim  and  retundi/dia  have  the  same  property,  Mr 
Ctiulomb,  too,  who  has  adopted  the  opinion  that  the 
motion  of  the  sap  in  plants  ir  produced  by  the  contrac- 
tion of  vessels,  has  even  made  a  number  of  experiments 
in  order  to  show  this  contraction.  But  the  fact  is,  that 
erj  one  has  it  in  his  power  to  make  a  decisive  expe* 
t*  Simply  cutting  a  plant,  the  sttphorhia  pepKs 
for  instance,  in  two  places,  so  as  to  separate  a  portion 
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fk  wppdi  t>etwecn  the  lamtaae  of  which  the  iresels  run.  (PhiL  Tfwt* 
iSct,  p^  344*)  By  tiifftr  gr*ii  ti  peant  xhiac  thin  loAgittiHinal  fibre«« 
^f€!%^g  io  every  direction  from  the  pith,  and  composed  of  the  lymphitic 
jpurlr  of  Grrw  and  Maipighi.  1  do  not  lec  how  the  contmccion  of  thc«c 
y^rtm  cottld  propel  the  lap  through  the  tap  TcoKel,  dettitote  as  they  are 
yalvev  vtilcsa  it  were  a  contraction  prcciacly  timilar  to  what  Sausc<ite 

to  tike  pUce  io  the  tap  vcweti. 
'^  j4m*fMT.  \  787,  t  PUh  TrMf,  hxwm, 
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Book  lY,     of  the  stem  from  the  rest,  i$  a  complete  demcmttratioii 
that  the  veiseh  actuaUj  do  contract*      Foe  whotrer 
makes  the  ezpcrimenti  will  find  that  the  milkjr  juice  of 
that  plant  flows  out  at  both  ends  so  coropleteljr,  that  if 
afterwards  we  cut  the  portion  of  the  stem  in  the  middle 
no  juice  whatever  appears*     Now  it  is  impouihk  tlml 
these  phenomena  could  take  place  without  a  ooQirac* 
tion  of  the  vessels  «  for  the   vessels  in  that  p«it  ol  iht 
stem  which  has  been  detached  cannot  have  been  istori; 
than  full  f  and  their  diameter  is  so  small,  that  if  it  wcit 
to  continue  unaltered,  the  capillary  aitr action  would  be 
more  than  suiGcient  to  retain  their  contents,  and  oome* 
quentlj  not  a  drop  would  flow  out*      Since,   ihefetor^ 
the  whole  liquid  escapes,  it  must  be  driven  out  fofeiUj, 
and  consequently  the  vessels  must  contract. 

It  seems  pretty  plain,  too,  thst  ilie  vessels  are  excited 
to  contract  by  various  stimuli  i  the  experiments  of  Coo. 
lomb  and  Saussure  render  this  probable^  and  an  ohsei^ 
vation  of  Dr  Smith  Barton  makes  it  next  to  cemiB* 
He  found  that  plants  growing  in  water  vegetated  witli 
much  greater  vigour,  provided  a  little  camphor  vw 
thrown  into  the  water  •* 
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been  ascerulned  that  the  sap  ascends  to  the 
it  there  undergoes  certain  alterations^  and 

ted  into  another  fluid  called  the  succus  propria 
Vatjmct,  or  irue  sap  ;  which,  like  the  blood  in 

is  afterwards  employed  in  forming  the  various 

t%  found  in  plants.  Now»  the  changes  which 
undergoes  in  the  leaves,  provided  we  can  trace 
tust  throw  a  great  deal  of  light  upon  the  nature 

lion*  These  changes  are  produced  in  patt 
he  day,  in  part  during  the  nighu     Now*,  as  the 

I  of  the  leaves  during  the  day  arc  very  different 

at  they  arc  during  the  night,  it  will  be  proper 

icr  them  sep?irately. 

b  sooner  has  the  sap  arrived  at  the  leaves,  than 
part  of  it  is  thrown  off  by  evaporation. 
he  quantity  thus  perspired  bears  a  very  great 
to  the  moisture  imbibed*  Mr  Woodward 
hat  a  sprig  of  mint,  weighing  2T  grains,  in  71 
ibibed  2558  grains  of  water,  and  yet  its  weight 
y  increased  15  grains  ;  therefore  it  must  have 
jDt  2543  grains.  The  same  experiment  was  re- 
by  this  philosopher  on  other  plants  ;  the  follow- 

ilc  exhibits  the  result  *  : 
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Weight. 

Gaia 

When  When 

fS 

Pbntt  and  Water. 

put 

taken 

1077 

?i 

in 

out. 

d.,^ 

>S 

g«-- 

gr» 

15    2558 

Spearmint  in  spring  water 

27 

42 

Spearmint  in  rain  water 

284^ 

45i 

17^3004 

Spearmint  in  Thames  water 

28 

54 

26    2403 

Common  nightshade  in  spring  water 

40 

100 

57   3708 

Lathjris  in  spring  water 

08 

lOli 

St|2501 

These  experiments  demonstrate  the  great  qoantitj  of 
matter  which  is  constantly  leaving  the  plant.  Dr 
Hales  found  that  a  cabbage  transmitted  daily  a  quanti* 
ty  of  moisture  equal  to  about  half  its  weight ;  and  that 
a  sun-flower,  three  feet  high,  transmitted  in  a  day  l  ft. 
14  oz*  avoirdupois  f.  He  showed,  that  the  quanti^of 
transpiration  in  the  same  plant  was  proportional  to  the 
surface  of  the  leaves,  and  that  when  the  leaves  were 
taken  oiF  the  transpiration  nearly  ceased  %.  By  tbeic 
observations,  he  demonstrated  that  the  leaves  are  the 
organs  of  transpiration.  He  found,  too,  that  the  trans- 
piration was  nearly  confined  to  the  day,  very  little  ta- 
king place  during  the  night  $  ;  that  it  was  much  pro- 
moted by  heat,  and  stopped  by  rain  and  fro.st  * :  and 
Millar  ||,  Guettard  %,  and  Sennehicr,  have  shown  thit 
the  transpiration  is  also  very  much  promoted  by  sno* 
shiae. 

The  quantity  of  moisture  imbibed  by  plants  depeadi 


i  rtget.  Stai.  i.  5.  and  15. 
•  Ibid.  p.  a;,  and  48. 
i  Mem,  Par.  1748. 
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ipon  what  they  transpire  :  Tlic  reason  is 
icn  the  vessel;*  are  once  filled  with  sap,  if 
none  be  cmirted  oiF»  no  more  can  enter  ^  and^  of  course, 
the  qiuntitj  which  enters  must  depend  upon  the  qiian- 
Ulj  emitted. 

2*  In  order  to  discover  the  nature  of  the  transpired 
mmttCTi  Hales  placed  plants  in  large  glass  vessels^  and 
by  that  means  collected  a  quantity  of  it  •*  He  found 
Ibal  it  resembled  pure  water  in  every  particular,  ex- 
cepting only  that  it  sometimes  had  the  odour  of  the 
plaol.  He  remarked,  too,  as  Guettard  and  Duhamel 
did  after  him,  that  when  kept  for  some  time  it  putre- 
fied^ or  at  least  acquired  a  stinking  smelK  Sennebier 
subjected  a  quantity  of  this  liquid  to  a  cheniical  aoa- 
Jysis. 

He  collected  J 3030  grains  of  it  from  a  vine  during 
the  moQths  of  May  and  Jime.     After  filtration  he  gra- 
doaDy  evaporated  tlic  whole  to  dryne&s*  There  remain- 
ed behind  two  grains  of  residuum.     These  two  grains 
coittiited   of  nearly  |  grain  of  carbonate  of  lime,  ^ 
grain  of  sulphate  of  lime,  |  grain  of  matter  soluble  in 
wateri  and  having  the  appearance  of  gum,  and  ^  grain 
of  matter  which  was  soluble  in  alcohol,  and  apparently 
rtsitious.      He  analysed  D076d  grains  of  the  same  li- 
quid, collected  from  the  vine  during  the  months  of  July 
anil  August.     On  evaporation  he  obtained  2y  grains  of 
ftiiduumi  composed  of  X  grains  of  carbonate  of  lime,  -^ 
graiD  of  sulphate  of  lime,  4  grain  of  mucilage,  and  4 
|rtin  of  resin.  The  liquid  transpired  by  the  aster  Nov ^ 
Angiia  afforded  precisely  the  same  ingredients  f* 
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5,  Senncbicr  attempted  ta  ascertain  the  proportbii 
which  the  liquid  transpired  bore  to  the  quantity  of 
moistttrc  imbibed  bj  the  planU      But  it  is  eajj  to  lee  i 
that  such  experiments  are  liable  to  too  great  unoertaio* 
tics  to  be  depended  on*     His   method  was  as   follows: 
He  plunged  the  thick  end  of  the  branch  on  which  he 
made  the  experiment  into  a  bottle  of  water^  while  the 
other  end,  containing  all  its  leavcfp  was  throst  tsto  a 
very  large  glass  globe.    The  apparatus  wis  tbco  expo* 
sed  to  the  sunshine*    The  quantity  imbibed  was  kiiowD 
exactly  by  the  water  which  disappeared  from  the  bottlei 
and  the  quantity  transpired  was  judged  of  by  the  li- 
quid which  condensed   and  trickled  down  the  tides  of 
the  glass  globe.     The  following  Table  exhibits  the  n^ 
«uli  of  his  experiments : 
Plant  iw  Imhibcd.  Fcnpired.         Tiaie. 

Peach*. ...«• 100gr«..**t.«*  95  gr 

Ditto  , ..210*..*, 90 

Ditto 820.,* 120 

Mint  •.««««*. 200...»i.,,.„.  00«.*«.*,..    2dAyL 

Ditto  ♦••i**to«t**«t»««575**t tflSOtt*  •«•«•«  10 

Rasp  ..*.. »* 725....*.......5a0.t. 2 

Ditto 1232 .•*.«765««.«*#...    2 

Peacb.^ 110* ....205 1 

Apricot  •»«••«•»*«••  ••«210««*«M .IdOcttM**.*    1 

Id  some  of  bis  experiments  no  liquid  at  all  was  eoB» 
deosed.  Hence  it  is  evident  that  the  quantity  of  mii^ 
ter  transpired  cannot  be  deduced  from  tbeae  ez{Kii» 
meats*  The  mouth  of  the  glass  globe  does  not  seeiB  to 
have  been  accurately  closed  ;  the  air  within  it  comfliu* 
nicated  with  the  external  air  f  consequently  the  quaati- 
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ty  condensed  must  have  depended  entirely  upon  the 
iiaie  of  the  external  air^  the  heat,  &c. 

4.  The  first  ^reat  change,  then,  which  takes  place 
■■pa  the  tap  after  it  arrives  at  the  leaves^  is  the  evapo- 
Hnoo  of  a  great  part  of  it ;  consequently  what  remains 
must  be  verj  different  in  its  proportions  from  the  sap. 
The  leaves  seem  to  have  particular  organs  adapted  for 
throwing  off  part  of  the  sap  by  transpiration  ;  for  the 
experiments  of  GueUard  *,  Duhamcl  t»  »nd  Bonnet  %, 
IW  that  It  is  performed  chiefly  by  the  upper  surfaces 
and  may  be  nearly  slopped  altogether  by  var- 
tbat  surface* 
lie  leaves  of  plants  become  gradually  less  and  less 
for  ibis  transpiration  ;  for  Sennebier  found  that  when 
all  other  things  are  equal,  the  transpiration  is  much 
Lgreater  in  May  than  in  September  }.  Hence  the  reason 
liat  the  leaves  are  renewed  annually.  Their  organs 
come  gradually  unfit  for  performing  their  functions, 
ttd  therefore  it  is  necessary  to  renew  them*  Those 
tees  which  retain  their  leaves  during  the  winter^  were 
nd  hy  Hales  and  succeeding  physiologists  to  trans- 
les3  than  others.  It  is  now  well  known  that  these 
also  renew  thetr  leaves. 
tl^  Leaves  have  also  the  property  of  absorbing  car* 
acid  gas  from  the  atmosphere. 
We  arc  indebted  for  this  very  important  discovery 
ke  experiments  of  Dr  Priestley.  It  has  been  long 
fn  that  when  a  candle  has  been  allowed  to  bum  out 
'  quantity  of  air^  no  candle  can  afterwards  be  made 
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Book  IV.  to  bum  in  it.  In  the  year  mi,  Dr  PriesUcj  made  a 
sprig  of  mint  vegetate  for  ten  days  in  contact  with  a 
quantity  of  such  air  :  after  which  he  found  that  a  can- 
die  would  burn  in  it  perfectly  well  *.  This  experi- 
ment he  repeated  frequently,  and  found  that  it  was  al- 
ways attended  with  the  same  result.  According  to  tlie 
opinion  at  that  time  universally  received,  that  Che  burn- 
ing of  candles  rendered  air  impure  by  commonicatiD; 
phlogiston  to  it,  he  concluded  from  it,  that  plants,  whik 
they  vegetate,  absorb  phlogbton. 

Carbonic  acid  gas  was  at  that  time  supposed  to  coo- 
tain  phlogiston.  It  was  natural,  therefore,  to  suppoie 
that  it  would  afford  nourishment  to  plants,  since  tbey 
had  the  property  of  absorbing  phlogistop  from  the  it^ 
mosphere.  Dr  Percival  had  published  m  set  of'ezperi- 
ments  ;  by  which  he  endeavoured  to  show  that  this  wai 
actually  the  case. 

These  experiments  induced  Dr  Priestley,  in  n7(J, 
to  consider  the  subject  with  more  attention.  But  as,  in 
all  the  experiments  which  he  made,  the  plants  confined 
in  carbonic  acid  gas  very  soon  died,  he  concluded  tbtt 
carbonic  acid  gas  was  not  a  food,  but  a  poison  to 
plants  t.  Mr  Henry  of  Manchester  was  led  in  1784, 
probably  by  the  contrariety  of  these  results,  to  examine 
the  subject.  His  experiments,  which  were  published 
in  the  Manchester  Transactions  {,  perfectly  coincided 
with  those  of  Dr  Percival.  For  he  found  that  carbooie 
acid  gas,  so  far  from  killing  plants,  constantly  promo- 
ted their  growth  and  vigour.  Meanwhile  Mr  Senne- 
bier  was  occupied  at  Geneva  with  the  same  subjea; 
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mbliilied  the  resuh  o£  hh  researchbi  ta  his 
nymo^hym^s  aboDt  the  ycM  llS(k  Hi» 
Irts  ihowd^  in  the  clearest  mannQfy  tkat 
iicid  gas  13  used  by  f^ants  aa  fo^d*  The 
Ij^  was  sR^pported  by  Ingenhcmsr  in  bis  sccdn^ 
Tbe  experiments  of  Sau&sure  janior,  pubUsh- 
1^  have  al  last  put  the  saibjoct  beyond  t'be 
pot*.    FVom  a  care&l  QOmparisoa  ol  Ibe  e».i 

Eiae  pUloffophers,  it  will  not  be  difficult 
r  the  Tarious  pheoomena^  and  to  recoo- 
big  coiUradtoUons  which  occur  m  theiii» 
are  aa  follows : 

Hi  will  not  vegetate  in  an  atmosphere  of  pure 
eU^  nor  if  their  atmosphere  contains  |ths  of  iti 
^  gai^  They*  vegetaia^in  the  sun  when  coofl* 
o^pheves  contitning  f » -^tb,  or|tii^.of  tiuit|^, 
kgetaliotv  improves  as  the  quantity  of  gas  di« 
Wlieo  the  stmoftphere  cooonns  only  Vr^b 
acid  gas^  plants  grow  in  it  considerably 
I  sun,  than  when  placed  in  an  atmosphere 
air ;  but  when  plants  are  placed  in  the 
presence  of  carbonic  acid  always  injures 
lioo  instead  of  promotmg  It  *. 
Sau^ure  has  shown,  that  plants  will  not  ve« 
lie  sun  when  totally  deprived  of  carbonic  acid 
tj  vegetate  indeed  well  enough  in  air  which 
ireiriotialy  deprived  of  carbonic  add  gas ;  but 
laottry  of  lime  was  put  into  the  glass  vessel 
pitained  themf  they  no  longer  continued  to 
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Book  IV.     groWf  and  the  leaves  in  a  few  dajt  fell  off  *^.    Tht  dr, 
when  examined,  was  found  to  contain  no  carbonicadd 
gas.      The  reason  of  this  phenomenon  is,  thai  ^aats 
(as  we  shall  see  afterwards)  have  the  power  of  CMrmiDf 
and  giving  out  carbonic  acid  in  certain  cirnimttances; 
and  this  quantity  is  sufficient  to  continue  their  vegeta- 
tion for  a  certain  time.     But  if  this  new  formed  gu 
be  also  withdrawn,  by  quicklime  for  instance,  which 
absorbs  it  the  instant  it  appears,  the  leaves  droc^  sod 
refuse  to  perform  their  functions  f.    Carbonic  acid  gi% 
then,  applied  to  the  leaves  of  plants,  ia  €j/MtfM/lo  ve. 
getation. 

4*  The  direct  contrary  takes  place  in  the  shide. 
Plants  not  only  continue  to  vegetate  when  deprived  of 
all  carbonic  acid  by  means  of  lime  ;  but  they  flewiik 
Okore  than  if  it  were  allowed  to  remain  t* 

M  LmT"         5.  Df  Priestley,  to  whom  we  are  indebted  Cx  mmj 
of  the  most  important  facts  relative  to  vegetatioo^  ik 


served,  in  the  year  1178,  that  plants,  in  certain 
stances,  emitted  oxygen  gas  §  i  and  Ingenhonsx  voj 
soon  after  discovered  that  this  gas  is  emitted  by  iki 
kavej  of  plants,  and  only  when  they  are  exposed  to  the 
bright  light  of  day.  His  method  was  to  plunge  ihi 
leaves  of  different  plants  into  vessels  full  of  water,  sal 
then  expose  them  to  the  sun,  as  Bonnet,  who  had  sh* 
served  the  same  phenomenon,  though  be  had  giveia. 
wrong  explanation  of  it,  had  done  before  him.     Buh%^ 


«  Amm,  JeChim.  xxiv.  145-  1 48.  ^ 

f  Bncoiiiiot  has  rendered  it  probable,  that  In  this  expertmotit  ymt 
tiOt  the  absence  of  carbonic  acid,  but  the  deleterious  effects  of  the  wf 
that  killed  the  plants  in  Saussure*t  experiments.    Amm.  dt  C6m,  lii,  jk/f 
I  Sauwure,  Ktcbcrehet^  p.  36.  \  Om  if t,  iii.  af4. 
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Wcs  of  oxjgcn  gas  very  soon  detached  thcnaselves  from  ^^^V-  '"-^ 
the  kavesi  and  wi^rc  collected  in  ao  inverted  glass  ves- 
sel \  He  observed^  too,  that  it  was  not  a  mmtter  of  ia^' 
difTrrence  what  kind  of  water  was  used.  If  the  water, 
for  instance,  had  been  previously  boiled,  jittle  or  noox- 
rgeii  gas  craped  from  the  leaves  ;  river  water  afforded 
but  littJe  gas  ;  but  pump  water  was  the  oiost  productive 
of  all  f. 

Scfioebier  proved^  that  if  the  water  be  previously    Bv  dfcom- 

depriited  of  all  its  air  bv  boiling,  the  leaves  do  not  emit   fO"'*"^  ^^' 
^  ^  "^  .  .  .  hi)tkic  acid* 

m  particle  of  air  »  that  those  kinds  of  water  which  yield 

mo&l  air,  contain  in  ihem  the  greatest  quantity  of  car- 
bonic acid  gas ;  that  leaves  do  not  yield  any  oxygen 
Vifbmk  plunged  in  water  totally  destitute  of  carbonic  acid 
gati  that  they  emit  it  abundantly  when  the  water,  ren- 
dered uflproducrlve  by  boiling,  is  impregnated  with  car- 
Iwiiic  acid  gas  ;  that  the  qn&nfity  of  oxygen  emitted^ 
and  rrep  its  purity,  is  proportional  to  the  quantity  of 
.  Voiuc  acid  gas  which  the  water  contains  ;  that  water 
;  tfgnati^d  with  carbonic  acid  gas  gradually  loses  the 
Qp€tiy  of  afibrding  o  sty  gen  gas  with  leaves  ;  and  that 
never  ibis  happens;  all  the  carbonic  acid  gas  has  dis- 
sred  ^  and  on  adding  niore  carbonic  acid  gas  the 
eriy  is  renewed  J.  The^c  experiments  proVe,  in  a 
sattsfaclory  manner,  that  the  oxygen  gas  which 

s  of  plants  emit  depends  upon  the  presence  of  ^ 

^cid  gav  ^  that  the  leaves  absorb  caibonic  acid 
,  decompose  it,  give  out  thd  oxygeh,  and  retain  the 
carbon*    They  have  been  lately  confirmed  by  the  expe- 
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rimerUt  o(  Br  Woodbottso*  Ilo  this  gcntlemao  likc« 
wbc  we  are  indebted  foe  a  very  full  set  of  experinMim 
OB  ihe  quatttity  of  gti«  prodticed  by  exposing  diSerait 
plants  ia  wsUer  to  sunshine  for  given  tunes  ^. 

e*  Scfiiiebier  has  ascertained,  that  As^  deooinpediioi 
ol  tha  carbonic  acid  takes  place  in  the  par^ncliyiDiik 
He  found  Uiat  the  epidcnnis  of  a  leaf  Wo/ul^,  vi^htti  te* 
parntedy  give  out  no  air,  neither  would  the  ncrJ^ts  ta 
the  aamo  eir^iunistances  ^  but  upoo  tiyiog  tbo  jmum 
cbyioiiy  tHtia  separated  horn  its  epidermis  and  pari  |f 
ita  nerves,  it  continued  to  giva  out  oxygen  as  be* 
forof. 

That  the  decomposition  is  performed  by  iiceultar  or* 
gans,  is  evident  from  an  experiment  of  iDgeuhonat* 
Leaves  cut  into  small  pieces  continued  to  give  oot  oiy* 
geit  as  before  ;  but  leaves  pounded  in  a  mortar  lost  ^ 
prc^riy  entirtly*  In  the  first  statSi  Ihe  peculiar  itnt^* 
ture  remained  ;  in  tlie  other,  tt  was  destroyed.  Cer* 
tain  experiments  of  Count  Romford,  indt^d,  may  seta 
incompatible  with  tliis  conclusion  i  and  they  will  oatg. 
rally  occur  to  the  retder  as  an  objection*  He  fbual 
that  driwi  leaves,  black  poplar,  fibres  of  rtw  silk^  add 
even  g}a3S  when  plunged  into  water,  gave  oul  oxy|fi| 
gas  by  the  light  of  the  sun  ;  but  when  Sennebier  ft- 
peated  these  experiments^  they  did  not  succeed  t*  fc 
was  probably  the  air  con  tamed  in  the  water  which  si* 
paratcd  in  the  Count's  experiments  f  • 


•  See  Nidioboo^t  Mr.  ij.  154.  and  Jam.  de  C^m*  till  soa 

f  Dr  Woodhouie  tried  th«  cipcritn^ntt  with  fiitircneft  of  mbnaa^ 
baked  hone  kilr,  cnuorii  pvniclcf  of  rhuftcotioai*  caMon  of  aiclfpiif  f^ 
rmca,  htiiy  ptumei  of  dematti  crifps,  if  iJui  of  pjiakam  (JM^tePi  U^ 
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a5t 


Carbolic  »- 

cid  RbH>rb- 
cd  vartd  in 
differ  enc 
pbnti* 


the  txperiiueats  of  Saussure,  wc  karn  that  Chap,  ni, 
ty  of  carbonic  acid  thus  absorbed  and  deconi* 
iries  gneatlj  in  different  plants^  even  when 
the  same  ctrcunn&tances*  The  lythrum  saH- 
found  to  absorb  seven  or  eight  times  its  bulk 
jas  in  a  day  ;  while  the  cactus  opuntia^  and 
ihy-Icaved  plants,  did  not  absorb  above  a  fifth 
jMtititj.  The  portion  absorbed^  according  to 
I  depends  upoti  the  surface  of  the  plant  j  and 
thin  leaved  plants  must  absorb  more  than 
have  fleshy  leaves  *• 
loes  not  appear  that  the  whole  of  the  oxygen   The  whojc 

.      ,  ,       .         .  ,     ,        ,     ,  .  .        .  .       oxygen  not 

in  the  carbonic  acid  absorbed  ts  emitted  agam  emtttcd. 

Ult.     A  cofisidcrable  portion  of  it  seems  to  be 

Thtt>  at  least,  is  the  result  which  follows 

It  of  experiments  made  bj  Saussure    on  pur* 

loertain  the  point.      He  mixed   carbonic  acid 

llDcn  aifi  in  such  a  prnportion  that  it  occupied 

Mths  of  the  mass*      Jars,  standing  over  mt-r- 

rered  with  a  thin  film  of  water),  were  filled  with 

Ure  ;  and  plants  of  nrinca  mmxir^  growing  in  a 

Isel  filled  with  water,  were  introduced  into  the 

lese  plants,  thus  placed,  were  exposed  for  siJc 

re  dajs  to  the  sun,  from  five  in  the  morning  to 

while  the  tem|>crature  of  the  air  was  10^  ;  du- 

hivhich  time  thej  vegetated  with  great  vigour. 

Ik  of  the  air  in  the  jar  was  not  sensibly  altered. 

^ic  acid  could  be  detected  in  it.      The  pro- 


-,  €ach  of  tJicac,  he  affirms,  yiddcd  in  water  a  little  oxygen 
pure  than  rhc  Itavci  of  pUnts*    l^icholaon's  J  tar*  li  rjS. 
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portion  of  oxygen  was  24t  p^  ^^^ •      The  follow 
Table  exhibits  the  proportion  of  the  coostitaenta  of 
air,  in  French  cubic  inches,  when  put  into  the  jar^ 
after  the  plants  had  vegetated  in  it  six  dsys^  : 


^\llcDplltifl. 

Whoi  taken 

OBt. 

Azote 
Oxygen 
Carbonic  acid 

211-02 
56-33 
21-15 

218-95 

iro5 

0-00 

29Q'0Q 

200!00 

Some  note 
emitted. 


Thus  the  whole  21*15  inches  of  carbonic  acid  w 
absorbed ;  but  the  oxygen  emitted  was  only  14' 
inches,  whereas  the  whole  oxygen  in  the  carbooic  i 
would  have  amounted  to  21*75  inches.  The  dii 
ence,  amounting  to  about  seve^  inches,  was  made 
by  a  quantity  of  azote,  which  had  been  girenout 
the  plants  along  with  the  oxygen.  The  foUowi 
Table  exhibits  the  result  of  similar  expecimenta^  an 
,by  this  philosopher,  on  other  plants.  All  the  ooi 
bers  denote  cubic  inch^. 


*  Kecterclcij  p.  40. 


"^WoH.ortB, 


^^AV^S. 


— — ' — ---i-iLXiJo/ 
"•  '"^  appears  that  ni 

*^-===--5_^ •     '« w  ex. 


,*^'^-  tremelj  probable  that  plants,  hy  Om  ffoceity  acquire 
the  greatest  part  of  the  carbonaceoot  flMUter  which 
thej  coouin  ;  for  if  we  compare  the  qiMDdty  of  carbon 
contained  in  plants  vegetating  in  the  dark,  where  this 
process  does  not  go  on,  wich  the  qtuuititjr  which  those 
plants  contain  which  vegetate  in  the  nsual  maniier»  we 
shall  perceive  a  very  conspicuous  diffierence.  ChaptsI 
found  that  a  bjssus,  which  was  vegetating  in  the  dsrk| 
conuined  only  ^th  of  its  weight  of  carbon tceous  ott- 
ter  ;  but  the  same  plant,  after  being  made  to  vegetate 
in  the  light  for  SO  days,  contained  -^h  of  its  weight  of 
carbonaceous  matter  *•  Hassenfratz  ascertainedi  that 
plants  growing  to  the  dark  contain  muck  more  water, 
and  much  less  carbon  and  hydrogen,  than  plants  grow- 
ing in  the  light.  Seonebier  analysed  both  with  the 
same  result.  Plants  growing  in  the  dark  yielded  less 
hydrogen  gas  and  oil :  their  resinous  matter  was  to  thst 
of  plants  growing  in  the  light  as  9  to  5*5,  and  their 
moisture  as  13  to  6  $  they  contained  even  one-half  k« 
of  fixed  matters. 

The  quantity  of  carbonic  acid  thus  absorbed  is  eoo- 
siderable.  In  Saussore's  experiments,  the  plants  sb* 
sorbed  daily  more  than  their  own  bulk  of  this  gss: 
But  when  they  grow  in  the  open  air,  where  the  qoio- 
tity  of  carbonic  acid  is  much  less  considerable,  not  ex- 
ceeding Y-^th  part,  the  proportion  absorbed  is  no  doubt 
leas. 


of  gM,  to  wfiich  be  hat  given  the  aame  of  asote,  did  Mt  i 

oxygen,  ani  did  not  reader  lime-water  tnrbid.  Many  other  gun  poi- 
ieit  thete  properties  It  might  have  been  tome  inflammable  gai  Hy. 
drogen  would  have  detonated ;  but  tome  of  the  compowid 
gaiet  would  not,  when  diluud  to  largely  with  commoo  air. 
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^0*  ingetrboufrz  iouud  that  plants  emit  oo  oxygen 
when  mftde  to  vegetate  in  the  dairkr  and  that  w  these 
circunnitances  thej  ratl^r  injure  air  than  improve  it* 
No(%%  as  the  emission  of  oxjgen  has  beeo  ibond  to  de*» 
pcnd  iipoD  the  absorption  of  carbonie  actd^  it  is  pro«- 
baUe  tliat  this  acid  is  absorbed  only  in  the  lighL 
Sattssare indeed  haa  endeavoured  to  prove,  that  plant4^ 
even  io  the  dark*  absorb  and  decompose  carbonic  acid  % 
btit  tl>e  ^nantitjr^  if  aoji  must  be  so  extrcmdy  small, 
that  It  cannot  well  be  appreciated. 

Ill,  The  green  colour  of  plauts  has  been  shoi^ny  bj 
Sciii»ebier»  lo  depend  upoo  the  absorption  of  carbonic 
acid,  it  appears  only  when  plants  vegetate  ia  tlie 
light :  for  when  they  vegetate  in  the  dark  they  are 
white  t  and  when  exposed  to  the  light  they  acquire  a 
green  colour  in  a  very  short  tinke^  in  whaisoever  sitiiap^ 
tiMl  they  are  placed,  even  though  plunged  in  watcfi 
prcnrided  always  that  oxygen  be  present ;  for  MrGough 
thowQy  that  light  without  oxygen  has  not  the  power 
produciog  the  green  colour  ^. 

bennebier  has  phservedi  that  when  plants  are  made 
ta  vegetate  in  the  dark»  their  etiolation  is  much  dimi« 
nished  by  mi^^ing  a  little  hydrogen  gas  with  the  air  that 
ids  themf  *  Ingenhousi^  had  already  remarked) 
wfaeo  a  Uttle  hydrogen  gaiS  is  added  to  the  air  m 
friieb  planls  vegetate,  even  in  the  ligtit,  it  renders  their 
ficdtire  deeper  i :  and  he  seems  to  think  also,  that  he 
bs  prxyved  by  expei iments»  that  plants  absorb  hydros 
gcttgis  in  these   circumstances),     Mr  Humboldt  has 


*— V— '. 

Plaijt$  emit 
fio  oxygen 
itithcOtflE.<4 


Green  co- 
lour  prada^ 
ccd  by 
Ji^ht. 


*  MtftM  Mtm*  rv.  501, 

«.  d*  aim 


f  £iM^.  Af^^  PiyU  r^  7f * 
i  Ibtd  4i. 
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BookfV.^  observed  thtt  the  poa  annua  and  ewnpressa^  ptanii^  km* 
ceoiata,  trifoUum  arvense,  cbeirantbus  dketrip  Hcbem  «vr« 
titiilatus^  and  several  other  plants  which  grow  in  the 
galleries  of  mines,  retain  their  green  colour  even  in  the 
darky  and  that  in  these  cases  the  air  around  them  coo- 
tains  a  quantity  of  hydrogen  gas.  Thia  philoaopher 
concludes,  from  his  observations,  that  the  white  colour 
of  etiolated  plants  is  occaiiioned  by  their  retaining  sn 
unusual  proportion  of  oxygen,  and  that  this  is  prevent* 
ed  by  surrounding  them  witli  hyrogen  gas.  This  may 
perhaps  be  tru?  in  certain  cases ;  but  the  experiments 
of  Mr  Cough,  mentioned  above,  are  sufficient  to  prove 
that  the  retention  of  oxygen  is  not  the  only  differeoce 
between  gretn  and  etiolated  plants*. 

The  green  colouring  matter  of  plants  has  been  shown 
by  Rouelle  to  be  of  a  resinous  nature.  From  this,  and 
from  the  circumstance  of  its  being  formed  only  in  the 
light,  Berthollet  has  inferred  that  the  leavea  of  plants 
have  the  property  of  decomposing  water  aa  wall  as 
carbonic  acid  when  exposed  to  the  light  of  the  soa. 
The  oxygen  emitted,  according  to  him,  is  derived  part- 
ly from  thfe  decomposed  carbonic  acid  and  partly  fron 
the  water,  while  the  carbon  and  hydrogen  enter  100 
the  composition  of  the  inflammable  parts  of  the  phat. 
This  ingenious  theory,  though  sufficiently  probable,  it 
not  susceptible  of  direct  proof.  From  the  ezperiiocati 
of  Saussure,  we  learn  that  When  plants  are  fnade  to  ve- 
getate in  pure  water,  in  atmospheres  destitute  of  a 
bonic  acid  gas,  the  quantity  of  their  fixed  mattif  ^ 


pocedto 


*  Plants  of  a  white  colour,  from  Tcgetating 
eH^UuJt  fipom  a  French  word  which  liguifiet  a  ; 


gUr  iigtt. 


nmcTioKs  OF  thb  leavej. 


503 


iticrea^e  ;  but  when  iheir  atmospbercs  cootain  thii    Chafi.  itL 
^14  g»f  the  increafte  of  weight  which  they  receive  if 
^nsiderably  greater  than  can  be  accounted  for  by  the 
If  boa  aod  oxygen  derived  from  the  carboaic  acid  ab* 
rbed  ^.     Hence  it  is  clear,  that  a  poTtioir  of  the  wa« 
must  enter  into  their  composition*     It  is  more  like- 
that  the  elements  of  this  portion  arrange  themselves 
a  different  way,  than  that  they  still  continue  in  the 
ittc  o(  water*     These  facts  certainly  strengthen  the 
bcsis  of  Bcrthollet,     Indeed,  if  we  consider  the 
it  qnatitity  of  hydrogen  contained  in   plants,   it  is 
^fficolt  to  conceive  how  they  should  obuin  it,  provi- 
ed  the  water  which  they  absorb  does  not  contribute 
furnish  ir, 

IV,  Plants  will  not  vegetate  unless  atmospheric  air  l*ian««»^ 
€T  oxygen  gas  have  acce&s  to  their  lenves.  Thisi^'as  gc«» 
rendered  probable  by  those  philosophers  who,  about 
the  end  of  the  17th  century,  turned  their  attention  par* 
titularly  towards  the  physical  properties  of  the  air;  but 
Df  Ingenhousz  was  perhaps  the  first  of  the  modern 
liemists  who  put  it  beyond  doubt.  He  found  that 
Irbonic  acid  ga%,  azotic,  and  hydrogen  gas,  destroyed 
iH  altogether,  unless  they  were  mixed  wiUi  atmo- 
pheric  air  or  oxygen  gas*  He  found  also,  that  plants 
cw  very  well  in  oxygen  gas  and  in  atmospheric  air  t- 
am  these  experiments,  it  was  pretty  cl«ar  that  the 
rea  of  plants  absorb  oxygen  ;  and  the  whole  scries 
chemical  experiments  on  plants  led  to  the  supposi- 
aoo  that  this  absorption  was  confined  to  thetiigbt*  The 
^abject  has  lately  been  very  fully  investigated  by  Saus- 


t  liigaihoQia,  iU  pasiiBb 


VEGETATIOH* 


Book  IV* 


mre,  wlio  b&s  not  only  cotidrmed  Ihese  ftOpp<mii<»ni  hjr 
decisive  cxperimentip  but  added  many  IjCW  facts  oot 
preTtouslj  sDipectcd  *. 

1.  The  greater  number  of  plants  rcfiise  to  vcgeli|% 
when  confined  in  azotic  gas.  Those  only  continue  ^H 
live  which  are  abundantly  supplied  with  green  paii% 
as  the  cactus  o/tttfttia^  6cc.  Wheii  plants  continiie  ta 
Tegetate  in  azote^  it  is  because  they  give  out  a  portion 
of  oxygen  during  the  day;  the  absorption  nf  which  du< 
ring  the  night  preserves  them  f . 

9.  When  ihc  leaves  of  plsnts  are  put  in  contact 
cotnnioti  air  diiring  the  nightp  tlvey  dimintih  the  bulk 
fkf  their  atmosphere  by  absorbing  odcygen.  Some  plaots 
change^  at  the  same  time,  a  portion  of  the  oxygen  inlo 
carbonic  acid^  while  otitcrs  form  no  perceptible  qtiaa> 
tity  ef  this  btst  gas.  The  leaves^  for  exnispk,  of  Uis 
cactm  9puntia^  crmmla  cotyledon^  sifnf^trffitmm  ttci^rum^ 
ttgavi  yimffieana,  and  siapeUa  variegaiap  atniply  ali^^ 
»OTb  ozygeti ;  whik  the  leaves  of  the  fucrcm  r^httt  ^^^M 
dum  rrfltxam^  4€Kuiu$  byfipocmiamnn^  and  rptutiapm* 
if6*<icacm^  absorb  oxygen,  and  form  a  portion  oC  car* 
bonic  acid|  inferior  in  quantity  to  the  oxygen  whjdi 
has  disappeared  t* 

9.  This  inspiration  of  oxygen  takes  place  only 
the  leaves  retain  their  organized  form*  If  this  be  de» 
stroyed,  by  reducing  them  to  a  paste  for  example^  il) 
absorption  of  oxygen  is  prevented,  though  a  portioa  of 
it  is  even  then  converted  into  carbonic  acid  by  the  ic- 
lion  of  the  carbonaceous  matter  present  f  * 


MM*  p.  7+ 


t  ibid.  p.  197.  (  SnuMire.  IU.(k &i. 
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ft.  The  oxygeo  thus  inspired  by  the  leftvet  of  plants.     Chip,  til -^ 

fcsepm^l(ed  from  them  again  by  ptining  them  inio 
iksosted   receiver  of  ihe   air   pump*      By  thai 
yaas^  mdtedi  they  ytekl  a  Httlc  air,  but  always  much 
» than  Uie  oxygen  absorbed  ;  and  this  air  is  precisely 
B»  SMDft  aatore  with  the  atmosphere  in  which  they 
IPcmiined.     Neither  is  the  oxygen  extricated  by 
pociiig  the  leaves  to  the  greatest  heat  whi<:h  they  are 
pftUe  of  bearing  without  being  destroyed  *, 
5.  There  is  reason  to  believe   ihal  the  oxycti  gas  /if^^  con- 
i  absorbed  by  plants  is  converted  into  carbonic  acid   ^^^'l^*"^* 
the  plant,  and  that  it  U  only  after  the  plant  is  ftcid. 
Ud  with  this  acid  (if  the  expression  may  be  per* 
I),  that  the  surroundLog  oxygen  is  partly  convert* 
I  carbonic  acid,  by  combining  with  the  carboaa* 
bus  matter  of  the  plant.     When  the  leaves  are  expo- 
<  to  the  light,  this  carbonic  acid  is  decomposed,  and 
lantity  of  oxygea  thrown  out,  usually  greater  than 
It  was  inspired.     But  the  oxygen  given  out  ul  the 
(when  plants  grow  in  atmospheres  destitute  of 
anic  acid)  is  always  proportional  to  the  oxygen  in- 
during  the  night ;  being  always  greatest  when 
lant  has  absorbed  the  greatest  quantity  of  oxygen, 
[plants  differ  very  much  from  each  other  in  the   Dliferiiithc 

of  oxygen  which  their  leaves  absorb  during   ^^5^ 

^tlt.     Fleshy-leaved  plants  absorb  the  least  oxy- 

Lrobably  because  they  emit  no  carbonic  acid  gas« 

Ithey  can  vegetate  in  high  situations  where  the 

iiere  is  rarefied.     Next  In  order  come  the  ever- 

lees,  which,  though  they  absorb  more  oxygea 


*  MudH-thu,  p.  6v. 
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Boot  IV.    than  the  flesbj-leaved  plants,  yet  require  moch  letf  (ban 
those  trees  which  lose  their  leaves  during  winter.   Those 
plants  which  flourish  in  marshy  ground  likewiae  absorb 
but  little  oxygen.     The  following  Tablea  exhibit  the 
result  of  Saussure*s  experiments  on  this  poiDt.    The 
first  column  contains  the  names  of  the  plants  whose 
leaves  were  employed  ;  the  second  the  month  in  which 
the  experiments  were  made ;  and  the  third  the  bulk  of 
oxygen  absorbed,  supposing  the  bulk  of  the  leaves  used 
in  each  experiment  to  be  always  1*00  *• 

Tablet  of  I.    Leaves  of  Evergretn  Trees. 

dMpropor- 

tmiabioffb-  Osyiei 

cd.  LeaTCfof  Time.  ■baoiM. 

Hex  aquifolium  ......••  September ••  0*M 

Buxus  semper  virens\.  Ditto 1*40 

Prunus  laurocerasus  •••  May 3*20 

Ditto .•••.  September 1*36 

Viburnum  tinus  September 2*23 

Hedera  helix September i 

Vinca  minor June • 1*5 

Ditto September 0*93 

Pinus  abies  • September 3 

Beupleurum  fruticosum  May 4 

Juniperus  ^abina June • 2*0 

Juniperus  communis...  June 2*4 


•  Rtchtrdett  p.  99. 


roNCTroNs  of  the  leaves. 
^t$  of  Trees  which  lose  iheir  leaver  in  Winter^ 

i^ewet  of  Timci  ftbiorMb 

H^agus  sylvatica August  «.«•»«*«.•*#•  S 

^^arpititts  betulus May 5 

^Ditlo September 6 

^K^^ercus  robur  ;...L....*  Maj 5*3 

Ditto September 5'5 

^JE»eu1us  hyppocastan.  September  •,.,•,  4^^ 

^opalusalba May ..*...  0*2 

I>itl9«..«»«;*l;«.*«. September  ..,*..  4*30 

Prunus  Armentaca..,..  September  •««••  •  8 

Amygdalus  Persica ....  Jutie  , . . .  • 5*0 

Ditto September  «••«..  4*2 

^Buglans  regta May 6'0 

^^itlo September  .,.♦,•  4*4 

P2atanu5  ccci  den  talis...  September  ••••••  % 

Robin  i  a  pseu da*  acacia  May 5 

Ditto  ......*..*... September  ..•••.  6*7 

Syringa  vulgaris May •••  3*36 

Ditto.* • September 2*2 

Fraxinus  excelsior May 4*32 

Ditto. September......  3*71 

Pyrus M^-   ..,.••#»•#.  5*2 

Ditto September 3*4 

^filosa  ceiitifulia  .........  June    .  •  ,  « 5*4 

^^Fagus  castanea July  ..••,..... .  5*6 
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in.    Leaves  of  Herbaceous  Plants,  not  jiquatic* 

Oxypen 
Leavo  of  Time.  aliorbccL 

Solanum  tuberosum  .  •  September 2*5 

leracea  .....  Ditto,younglca 


30$  YEGrtATKm. 

Loifet  of  Time.  abtomj. 

BiTMioa  oleracea  •  • «  ••  Sept.  old  leaves    •  2 
Urticft  urens  •••••••••  September  •  •  •  •  2 

Mercorii^iil annua. •••  Sept.  in  flower  •  •  8*33 
Daucas  carota  ••••••  Septemberi  ditto  •  1*0 

Vicia  faba^ ^.  Before  floweriag  .  3*T 

Ditlo^....  ••.•••••••  Li  flower Z 

DtUo... After  ditto  .  «...  1*6 

Liltum  candidam  • .  -..  Maj,  in  flower  ^  .  (yM 

Ditto Sept.  after  ditto    •  0*5 

Tropiro}uQi  majua.  •  •  Sept.  in  flower  •  •  3 

Digka]i3.i^bigua .  .  .  Jnljr 2 

Brassica  rapa Sept.  in  flower  •  .  1*25 

Avena  aajtiva Jone,  before  ditto  •  2*7     • 

TriticaiaQPStivma.  •  .  Maj,  before  djtto  5*0.  . 
Pisuna  aatlviuo  ....  Maj^ia  flower  .  .3*72 
Ruta  grayeolen^    •  •  •  August 2 


IV.    Leaves  of  Aquatic  Plants^ 


*X 


Leaves,  of  Time. 

Alisma  plantago  .  .  .  August.  .  ,  .  •  •  0*T 
Inuk  dysentorica  ,  .  ,  September  .  •  •  •  1*6- 
Epilobium  molle  .  .  .  Sept.  in. flower.  •  •  1*0 
Sisymbrium  nasturtium  September  .  •  •  •  1*6 
Polygonum  Persi car i a  Sept.  in.flowes.  •  2 
Veronica  beccabunga  .  September  .  .  ^  .  1*7 
Ranunculus  reptans  .  .  September  ....  1*5 
J-y thrum  salicaria  .  .  .  May,  before  flower  2*3 

Caltha  palustris  ....  May 1 

Carex  acuta May 2*«S 
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V*    Leaves  ^fthc  FUshy  Plants, 


Chap.  IIL 


Leavnof 


Cactus  opuntia     . 
Agave  Americana 


Time*  »b»oroei. 

Augu?^t 1 

August 0*8 


Scmperviirmn  tcctorum  July 1 

Scdum  globosum*    ,    ,  SepEemtet     .    -    .  I'S 
Saxifraga  cotyledon .    .September     •    .    .0*0 

Sedum  reflexum  .    .    ,  Jon^ \'l 

StapeUa  variegata     ,    ,  July n-ej 

Mesembryanthemum 

deltoicics July 1'7 

^^,   It  U  Dot  improbable,  that  by  ihe  absorption  of  ^^^^^  *^**y 
KKygert^  ana  tnc  formation  of  carbonic  acid,  a  portion 
jhCbeat  may  be  evolved^  as  Saassure  supposes  ;  though 
^kuantity  must  be  too  fiinall  to  be  appreciated.     It 
n^:ar^  that  in  certain  cases  a  very  considerable  de- 
pec  of  heat  is  produced  by  vegetables  ;  though  it  bfts 
liotyet  been  ascertained  whether  the  appearance  of  it  is 
boonected  with  the  absorption  of  oxygen.     A  very  ex- 
jJMirdtfiafy  instance  of  this  is  related  by  Bory  dc  St 
HIteent  on  the  authority  of  Hubert.     The  stamina  of 
d)t  armm  tardifQUum^  at  the  moment  of  bursting,  pro* 
doced  $0  great  a  heat,  that  twelve  of  them  placed  round 
thebtilli  of  a  thermometer  raised  it  from  79''  to  143*** 
The  experiment  was  repeated  a  great  number  of  times 
with  similar  results  *. 

S*  It  apjlears^  from  the  experiments  of  Saussure,  iljat  i^ootsib- 
Tools  absorb  oxygen  as  well  as  the  leaves,  and  that   gen."'''' 


^Jiunii  PbyiAm%%l. 


r^i.  K 


Aa 


4Mmkiv*  djejr  transmit  the  carbonic  acid  farmed  to  ifac  Icavei  to 
be  decomposed.  The  branches  likewise  absorb  it. 
Flowers  do  not  expand  without  its  presence. 

Thus  it  appears  tliat  during  the  night  plants  abiorti 
cxjgeo  i  that  thcj  form  with  it  carbonic  acid  *,  that  s 
portion  of  this  gas  if  sometimes  emitted*  togetho'  with 
a  little  axotc  ;  but  that  the  greatest  part  is  retained  and 
decomposed  bj  the  leaves  during  the  da/*  Plants  will 
not  live  without  this  nightly  inspirat]on«  even  though 
supplied  with  carbonic  acid,  provided  the  oxjrgen  form* 
ed  by  them  during  the  day  be  constantly  withdrawn  it 
the  approach  of  night. 

V.  The  leaves  of  plants  absorb  water  aa  well  MMoxf* 
gen  from  the  air.    This  had  been  suspected  in  all  ifci: 
the  great  effect  which  dcw«  slight  showers,  and  even 
wetting  the  leaves  of  plants^  have  in  recrutiing  tlictr 
strength,  and  making  them  vegetate  with  vigour,  trr 
so  many  proofs  that  the  leaves  imbibe  moutttre  btm 
the  atmosphere.     Hales  rendered  this  still  more  prob*' 
able»  by  observing  that  plants  increase  considerabl/ in 
weight  when  (he  atmosphere  is  moist;  and  Mr  fioantt 
put  the  matter  beyond  doubt  in  his  Rtsearcbu  cominf- 
ing  tki  Uii  9/tJbi  Leave t.     He  showed  that  leaves  con- 
tinue to  live  for  weeks  when  one  of  Iheir  aurfscei  ii 
applied  to  water;  and  that  they  not  only  vegetate  the 
selves*  but  even  imbibe  enough  of  water  to  support^ 
vegetation  of  a  whole  branch,  and  the  leavca  bclonpsf  \ 
to  it.     He  discovered  also,    that  the  two   surfaascf 
leaves  differ  very  considerably  in  their  power  of  iob* 
bing  moisture  ;  that  in  trees  and  shrubs  the  loider  nr* 
face  possesses  almost  the  whole  of  the  property,  nJiJIe J 
the  contrary  holds  in  many  of  the  other  plantSj  thcl 
nev  bean  for  instance* 
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r  These  facts  prove  not  only  that  the  IcaVes  of  plants  CH^p-  HL 
liave  tbe  power  of  absorbing  moi»curc»  bat  also  that  the 
absorption  is  performed  by  very  different  organs  from 
those  which  emit  moi&ture  ;  for  these  organs  He  on  difi^ 
feretit  stdefi  of  the  leaf.  If  we  consider  that  it  is  only 
daring  the  night  that  the  leaves  of  plants  are  tnoisten- 
ed  with  dcwj  we  can  scarcely  avoid  concluding,  that, 
fxcept  in  particular  cases,  it  is  during  the  night  that 
plants  imbibe  almost  all  the  moisture  which  they  do 
imbibe* 

Thvs  we  have  seen  that  the  leaves  of  plants  perform 
verjr  different  operations  at  difTerent  times.  During 
the  day  they  are  giving  out  moisture,  absorbing  carbo- 
nic acid  gasj  and  emitting  oxygen  gas  i  during  the 
mght^  on  the  contrary,  they  are  absorbing  moisture^ 
iviog  out  carbonic  acid  gas*   aisd  absorbing  oxygen 


« 


By  these  processe^i  and  perhaps  also  by  others  which   Sap  on* 
have  not  yet  been  detected^  the  sap  of  plants  is  new  JJ^ifj^ 
modelledi  and  bV^^ught  to  the  state  which  is  adapted  for  3i"*^«  ^f 
the  nourishment  of  the   plant.     To  describe   m  what  ccn^ 
mauler  ilt«!»e  changes  take  place  is  impossible  ;  because 
we  neither  know  precisely  tlic  substance  into  wliich  the 
sip  has   been  conveitcd    by  the  operations  performed 
durmg  the  day,  nor  the  new  substances  formed  by  the 
eperalions  of  the  night*     We  have  reason^  howevts  to 
oODclude,  ih^t  during  ihe  day  the  carbon  of  the  sap  is 
\'^-:'     \   and  that  during  the  night  the  hydrogen  and 
^^'  re  increased  ;   but   the  precise  new  substances 

^Bfotmed  are  unknown  to  us*  Nor  let  any  one  suppose 
^H^hstihe  increase  of  the  hydrogen  and  of  the  oxygen  of 
^H|hc  lap  is  the  same   thing  as  Uie  addition  of  a  quantity 

^m  A  n  i 
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Bw.k  IV.    of  water.     In  water,  oxygen  and  hydrogen  are  alreidj 
combined  together  in  a  certain  proportion  ;  and  this 
combination  must  be  broken  before  these  eleoientirjr 
bodies  can  enter  into  those  triple  componndi  with  cv* 
bon,  of  which  a  great  part  of  the  vegetable  prodocts 
consist.     We  have  not  the  smallest  cbnception  of  the 
•manner  in  which  these  triple  combmations  are  formed^ 
and  as  little  of  the  manner  in  which  the  bodiea  whidi 
compose  vegetable  substances  are  combined  together. 
The  combination,  may,  for  any  thing  we  know  to  the 
contrary,  be  very  complicated  :  though  it  contisti  oolj 
of  three  ingredients  ;  and  analogy  leads  us  to  svppoK 
that  it  actually  is  very  complicated:  for  in  chenftiitrj 
it  may  be  considered  as  a  truth,  to  which  at  present  far 
or  no  exceptions  are  known,  that  bodies  are  deeodipoied 
with  a  facility  inversely  as  the  simplicity   of  Ihdr 
composition ;  that  is  to  say,  that  those  bodies  wUdi 
consist  of  the  fewest  ingredients  are  most  difficultly 
decomposed,  and  that  those  which  are  formed  of  aaoj 
ingredients  are  decomposed  with  the  greatest  fiwilily. 

Neitlicr  let  any  one  suppose  that  the  absorption  of 
carbonic  acid  ^as  during  the  day  is  balanced  by  the 
qurmtity  emitted  during  the  night ;  and  that  therefiae 
there  is  no  increase  of  carbon :  for  Ingenhousz  andSsn^ 
sure  have  shown  that  the  quantity  of  oxygen  gas  emil- 
ted  during  the  day  is  much  greater  than'-  the  carboaic 
acic*.  gas  emitted  during  the  night ;  and  that  in  favmir* 
able  circumstances,  the  quantity  of  oxygen  gas  in  the 
air  surrounding  plants  is  increased,  and  the  carboaic 
acid  gas  diminished  ;  so  much  so,  that  both  Dr  Prieit- 
ley  and  Dr  Ingenhousz  found,  that  air  which  had  beei 
spoiled  by  alighted  candle,  or  by  animals,  was  reodeFcd 
as  good  as  ever  by  plants.      Now  we  know    that  coo« 
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buation  ar>d  respiration  diininkh  ihe  oxjgcn  gas,  and  Clup-  m> 
«dd  carbonic  add  gas  to  air  i  therefore  vegetatioiiy 
which  restores  the  purity  of  air  altered  bj  tliese  pro- 
cesses,  must  increase  the  oxygen,  and  diminish  ihe  car* 
booic  acid  gas  of  that  air ;  consequently  the  quantity 
of  carbonic  acid  gas  absorbed  by  plants  during  the  day  is 
greater  |ban  the  quantity  emitted  by  them  during  the 
night  I  and  of  course  the  carbon  of  the  sap  is  increased 
in  the  leaves. 

Ii  is  true,  that  when  plants  are  made  to  vegetate  for 
m  ouipbcr  of  days  in  a  given  quantity  of  air,  its  ingre- 
dieolft  are  not  found  to  be  filter ed.      Thus  Hasseofraiz 
ascertained  that  the  air,  in  which  young  chesnuts  vege- 
£or  m  number  of  days  together,  was  not  altered  iu 
properties,  whether  the  chesnuts  were  vegetating  in 
iter  or  in  earth  *  i  and  Saussure  junior  proved  that 
pcsLM  growing  for  ten  days  in  water  did  not  alter  the 
surrounding  airf«     But  this  is  precisely  what  ought  to 
be  the  case,  and  what  must   take  place,  provided  the 
coodusions  which  I  have  drawn  be  just.     For  if  plants 
oolj  emit  oxygen  gas  by  absorbing  and  decomposing 
earbonic  actd  gas,  it  is  evident,  that  unless  carbonic  acid 
gas  be  present,  they  can  emit  no  oxygen  gas ;  and  when- 
ever they  have  decomposed  all  the  carbonic  acid  gas 
contained  in  a  given  quantity  of  air,  we  have  no  longer 
any  reason  to  look  for  their  emitting  any  more  oxygen 

Pgas  i  and  if  the  quantity  of  carbonic  acid  gas  emitted 
during  the  night  be  smaller  than  that  absorbed  during 
ihe  day,  it  is  evident  that  during  the  day  the  plant  wilt 
constantly  decompose  all  the  acid  which  bad  been  focm- 


asceri 
^hrater 


ft 
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Bfwk  TV,    ed  during  the  night-      By  these  procesics  the  mtitQi! 
changes  of  day  and  nighl  compenwitc  each  other;  md 
tlkcy  arc  prevented  from  more  than  compensating  eacfi 
other  by  the  forced  stfite  of  the  plant.     It  is  probab7c, 
that  when  only  part   of  a  plant   is  made  fo   vegetate  In 
this  forced  sialc^  some  cafburatidsnp  (if  I  may  be  il- 
lowrd   the  expreisiort)   i«   suppUcd   by  ihc   rcM  of  ttia 
plant  i  and  thai  therefore  the  quantity  of  carbonte  atid 
gaa  emitted  during  th<f  night  may  bear  a  nearer  propor* 
lion  to  that  emitted  in  a  state  of  nature  than  that  of  ik 
absorption  of  fixed  air  can  pos&ibly  do.     Atid  probi* 
bly,   even  when   the  whole  plant  ii  thui  confined,  tliC 
oightly  process  goes  on  for  a  certain  lime  at  the  n--.- 
of  the   carbon   already  in  the  sap  ;    for   Ha^^ 
founds  that  in  these  cases  the  quantity  of  carbon  incite 
plants  after  it  had  vegetated  for  some  time  tn  \) 
was  less  ihan  it  had  been  when  it  began  to  ^'^gu,,,^  . 
This  is  the  reason  that  plants  growing  in  the  diHc, 
when  confined,  absorb  all   the  oxygen  gas»  ind  efliH 
carbonic  acid  gas  :  and  whenever  this  has  happened, 
they   die;  because  then   neither  the  daily  nor  nfghtlj 
processes  can  go  on. 


SECT.  V. 

or  %^1L    PECULIAR  JUICES   OF   PLANT*. 

Uif  these  changes  which  go  on  in  the  leavcjy  tbest* 
f  lure  of  the  sap  is  altogether  changed.      It  is  now  oos? 


f  JU9^.4ta4m.xT\ltn. 
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I  what  is  calkd  the  peculiar  juidn  or  irnt  sap,     ^^v*  ^^ 
fit  for  being   assimilated   to  the  different  part;* 
ilnt^  and  for  being   employed  in  the  formiilign 
Bpreiions  which  aic  nectitiary  lor  the  (.urpc^i^ea 
egetable  economy ., 

leaveSp  thereforep  may  be  cutisidcrcd  as  tlie  cli-    Lrave^thc 
organs  of  pbais,  and  ai>  equivalent  in  sonic  men-   *et^*m  af 
the  stomach  and  lungs  of  animals.     The  leaves  P^^"^*- 
lentlj  9re  not   mere   ornaments ;    they  arc  tlie 
iportant  pans  of  the  plant.  Accurdingly  wc  find, 

Syer  we  strip  a  plant  of  its  leaves,  wc  blnp  it 
^ts  vegetating  powers  till  new  leaves  »r 
h  It  is  wdJ  known  that  when  the  leaves  of 
ife  destroyed  by  insects  they  vtgelatc  no  louger,  , 
i  their  fruit  never  makes  a4iy  farther  progress  in 
g^  but  decays  and  dries  up*  £ven  m  germinji- 
, progress  h  made  in  tlie  growth  c^f  the  steai  till 
Llcaves  appear,  Ais  much  fuod  indeed  is  l.iid 
^ktyledoQs  as  advances  the  ylam  lo  a  ccri^in 
the  root  is  prepared^  and  made  ready  to  peitorm 
iions ;  but  the  ^ap  which  it  imbiber  luu^t  be 
tied  to  the  seed-leaves,  and  digcj»tea  there,  be. 
|^|>roper  for  forming  the  plutDula  into  a  stem. 
bgly  if  the  seed-lea\xs  arc  cot  cS^  (be  plant  ic 
vegetate. 

11  be  very  natural  to  ask.  If  this  be  true,  how  H*»w  the-r 
\C  leaves  themselves  to  be  produced  ?  1  hud  rtu  cc<i« 
||4;lo  render  it  probable,  thai  food  for  the  pur* 
^Brtshing  and  developing  them  was  laid  up  ia 
^■bemselvcsi  but  the  late  experiments  of  Mr 
formerly  detailed,  have  shown  th^t  the  aihur* 
l^part  of  the  tree  in  which  this  food  is  depo- 
ler  the, plant   has  developed  all   the   p»iti 
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Book  IV.     which  are  to  appear  during  the  summer,  and  after  the 
'  buds  are  fabricated  and  rolled  up^  the  leaves  still  ooDti. 

nuc  to  manutacture  new  food,  and  to  send  it  to  the  albnr* 
num.  Here  it  is  deposited,  and  employed  next  spring 
in  feeding  and  developing  those  organs  of  plants  whidi 
are  absolutely  necessary  for  enabling  them  to  perform 
the  functions  of  vegetation.  From  this  important  hct, 
Mr  Knight  has  drawn  a  number  of  curious  coast, 
quencesy  of  great  importance  to  the  practical  gaideoer 
and  farmer. 

This  deposition  of  food  for  the  future  nipply  of  the 
planty  explains  to  us  why  the  branch  of  a  vine,  if  it  be 
introduced  into  a  hot-house  during  the  winter,  pnti 
forth  leaves  and  vegetates  with  vigour,  while  erc^ 
other  part  of  the  plant  gives  no  signs  of  life*  Itcb 
plains  to  us  also  why  the  sap  flows  out  of  trees  voj 
readily  in  spring  before  the  leaves  appear,  but  afar 
that  the  bleeding  ceases  altogether.  It  is  evident  tlHt 
there  can  be  scarcely  any  circulation  of  sap  before  tbt 
leaves  appear  ;  for  as  there  is  no  outlet,  when  the  vcv 
sels  are  once  full  they  can  admit  no  more.  It  appesn^ 
however,  from  the  bleeding,  that  the  roots  are  captble 
of  imbibin^r,  and  the  vessels  of  circulating,  the  sapwitk 
vigour.  Accordingly,  whenever  there  is  an  oufkt, 
they  perform  their  function!^  as  usual,  and  the  tree 
bleeds  ;  that  is,  they  send  up  a  quantity  of  sap  to  bedi* 
gested  as  usual :  but  as  there  are  no  digesting  orgmf 
it  flows  out,  because  the  sap  that  flows  out  would  not 
have  been  imbibed  at  all,  had  it  not  been  for  the  arti- 
ficial opening.  But  when  the  digestive  organs  sppeir, 
the  tree  will  not  bleed  j  because  these  organs  required! 
the  sap,  and  it  is  constantly  flowing  to  them. 

If  a  tree  be  deprived  of  its  leaves,  new  leaves  make 
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earsnce,  becaiuie  ihcy  are  already  prepared  for 
tt  purpose.  But  what  wotild  be  the  consequence  if  ai 
B^ere  deprived  of  its  lea%es  and  of  all  m  bods  for 
re  jears  back  ?  That  plants  do  oot  vegetate  without 
ives  is  evident  from  an  cjtperiineBt  of  Duhamd*  He 
i|yt  the  bark  o§^  a  tree  io  rioglets,  to  as  to  leave  five 
ux  Tings  of  it  at  some  distance  from  each  other,  with 
»  bark  in  tlie  intervals*  Some  of  these  rings  bad  buds 
id  leaves  ^  the^e  increased  considerably  in  size  ;  but 
le  ring  which  had  none  of  these  remained  for  yens 
Kflliered,  Mr  Knight  found  that  a  shoot  of  the  vine^ 
^1  deprived  of  its  leaves  died  altogether** 
^pc  mccut  propriuSf  ot  piculiar  juice  of  plants  may 
^Biid»^  as  analogous  to  the  blood  of  animals.  It 
the  food  ahered  by  digestion,  and  rendered  6t  for  be* 
assimilated  and  converted  into  a  p^rt  of  the  plant 
by  the  subsequent  processes  of  vegetation.  Thai 
ri  &om  the  leaves  of  the  plant  towards  the  roots 
cars  from  this  circumstance^  that  when  we  make  ai» 
Ision  into  a  plant,  into  whatever  position  we  put  it, 
more  of  the  succus  proprius  fiows  from  that  side 
wound  which  is  next  the  leaves  and  branches 
Lliponi  the  other  sidet  and  this  happens  even  though 
aves  and  branches  be  held  undermost  +.  Wiien  a 
is  lied  about  a  plant,  a  swelling  appears  above 
i  below  the  ligature* 

vessels  containing  the  peculiar  juice   have  been 

Iby  Mr  Knight  from  the  leaveii  into  the  conical 

Pthe  inner  bark  t*    Hedwig,  who  has  examined 

tU  of  plants  witli  very  great  care,  seems  to  coo- 
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Book  IV.     sider  them  as  of  the  same  structure  mih  the  tracheal 
but  Mr  Knight  is  of  a  different  opinion.      It  appears 
evidently  from  the  experiments  of  this  last  gentleman, 
that  they  communicate  with  no  part  of  the  plant  which 
is  situated  at  a  greater  distance  from  the  root  than  the 
leaf  from  which  ihey  themselves  originate.     For  when 
two  circular  incisions  are  made  through  the  bark  of  a 
branch  above  and  below  a  leaf,  and  at  some  distance 
from  it,  only  that  part  of  the  portion  confined  between 
the  two  incisions  whicli  in  situated  below  the  leaf  in- 
creases in  size.      From  the  late  experiments  of  Mr 
Knight,  there   is  reason  to  believe  that  these  vesseli 
are  much  better  calculated  to  carry  the  true  sap  from 
the  leaves  towards  the  roots,  than  in  the  cootraiy  di- 
rection.     By   passing   the   slender   shoots  of  a  Tine 
through  the  earth  of  a  garden. pot,  he  made  them  send 
out  roots.     The  shoots  were  then  cut  off  from  the  |xu 
rent  tree,  leaving  an  equal  portion  on  each  side  of  this 
new  root.     Each  of  these  portions  was  turned  up  at  sii- 
snilar  angle,  and  had  a  bud  at  a  little  distance  from  the 
cut-off  extremity.     Here  were  two  stems  growing  froo 
one  root.      But  the  one  was  obviously  inverted,  whik 
the  other  was  in  its  natural  position,     lii  the   first,  the 
wood  between  the  bud  and  the  cut*off  extremity  in- 
creaK'd  in  size  ;  but  in  the  other  it  did  not :  indicating 
a  disposition  in  the  true  sap  to  move  in   its  original  di- 
rection from   the  leaves  to  the  root.      In  like  maooer, 
when   shoots  of  gooseberry  and  currant  bushes  were 
planted  inverted,   the    upper   part   always  decayed ^ 
These  experiments  are  favourable  to  tiic  opinion,  tiiai 
these  vessels  are  furnished  wiih  valves. 


*  NkhoIi>o:/i  Ja^r,  s.  i8y. 
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f  all  cotnoiunicaiion  between  the  leaves  and  ^Chap.  nt 
but  off,  by  removing  a  portion  of  the  hark  all 
be  tree^  it  appears,  from  the  ncpenments  of 
(that  the  alburnous  vessels  acquire  the  property 
bitting  a  portion  of  the  trtie  sap  to  the  roots, 
f  maintain  the  powers  of  vegetating  ;  but  ihc 
Fis  greatlj  diniintshed.  The  surplus  appears 
pdged  in  the  albumuaiy  ipvhich  thus  becomf?s 
I*  wid  if  the  plant  be  allowed  to  vegetate,  this 
'expended  next  season  upon  the  upper  part  of 
L  Thus  the  quantitj  of  blossom  on  the  branch 
bletree  is  greatly  increased  by  removing  a  sec- 
b  bark  the  season  before  the  blossom  is  to  au* 

\ 

Ihie  sap  is  easily   known  by  its  colour  and  its  in  yropct* 
ice.     In  some  plants  it  is  green,  in  some  red,  "^ 
^milky-     It  cannot  be  doubted  that  its  motion 
Bnls  is  performed   in  the  same   way  as  that  of 

hiad  any  method  ofobtaining  this  peculiar  juice 
le  of  purity,  the  analysis  of  it  would  throw  a 
pi  of  light  upon  vegetation  ;  but  this  is  scarce 
tas  wc  cannot  extract  it  without  dividing  at  the 
le  the  vessels  which  contain  the  stap.  In  many 
fcwcver,  the  peculiar  juice  may  be  known  by  its 
ind  then  its  analysis  may  be  performed  with  an 
b  towards  accuracy.  The  facts  respecting  its 
^nts,  hitherto  ascertained  by  chemists,  have,  as 
^am  acquainted  with  thcm^  been  detailed  in  the 
Ig  Chapter.   These  experiments  prove,  as  might 
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Book  IV.    have  been  expected,  that  the  peculiar  juices  differ  very 
GODsiderably  from  each  other,  and  that  every  plant  has 
a  juice  peculiar  to  itielf.     Hence  it  followi^  that  the 
processes  which  go  on  in  the  leaves  of  plants  must 
differ  at  least  in  degree^  and  that  we  have  ao  right  to 
transfer  the  conclusions  deduced  from  experiments  os 
one  species  of  plants  to  those  of  another  species.    It  is 
even  probable,  that  the  processes  in  diSEnent  pkms  iie 
not  tlie  same  in  kind  ;  for  it  is  not  reasonable  to  lop- 
pose  that  the  phenomena  of  vegetation  in  an  agaric  or 
a  boletus  are  precisely  the  same  as  thoae  which  tske 
place  in  trees  and  in  larger  vegetables,  on  which  ahoe 
experiments  have  hitherto  been  made* 

The  true  sap  is  conveyed  to  every  part  of  theflsit; 
and  all  the  substances  which  we  find  in  plants  mi 
even  the  organs  themselves  by  which  thej  perfBiBi 
their  functions,  are  formed  from  it.  But  the  thickot 
veil  covers  the  whole  of  these  processes ;  and  so  fir 
have  philosophers  hitherto  been  from  removing  tka 
vei]»  that  they  have  not  even  been  able  to  approach  it. 
All  these  operations  indeed,  are  evidently  chemical  d^ 
compositions  and  combinations ;  but  we  neither  kasir 
what  these  decompositions  and  combinations  aic,  aor 
the  instruments  in  which  they  take  place,  nor  the  sgcaU 
by  which  they  are  regulated. 


im  acquainted 
produced  b^  vegetation*  But  plants  do  not 
l^e  lo  vegetate  for  ever  j  soooer  or  later  they  de- 
||td  ivithery  and  rot,  and  are  totally  decomposed. 
Ibange  indeed  does  not  happen  to  all  plants  at  the 
|f  the  same  time.  Some  live  only  for  a  single  sea- 
f  ertfi  for  a  shorter  period  ;  others  live  two  fiea- 
lllltn  three,  others  a  hundred  or  more  ;  and  there 
|Bii€  plants  ^hich  continue  to  vegetate  for  a  thou* 
ears  ;  but  sooner  or  Uter  they  all  cease  to  live  ; 
tlios^  very  chemical  and  mechanical  powers 
lad  promoted  vegetatioo  combine  to  destroy  the 
of  the  plant.  Now^  What  is  the  cause  of  this 
Why  do  plants  die  ? 
tquestion  can  only  be  answered  by  examining 
care  what  ir  h  which  constitutes  the  lift  of 
9r  it  is  evident^  that  if  we  can  discover  what 
Lich  constitutes  the  life  of  a  plant,  it  cannot  be 
[  discover  whatever  constitutes  its  death* 
phenomena  of  vegetable  life  are  in  general 
As  long  as  a  pkot  continues  to  vegetate. 
It  ft  lives ;  when  it  ceases  to  vegetate,  we 
:  it  is  dead. 

pf  vegetables,  however,  ts  not  so  intimately 

ith  the  phenomena  of  vegetation  that  they 

parated.      Many   seeds  niay  be  kept  for 

giving  any  symptom  of  vegetation  ;  yet 


Phcnnmeoi 
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Bc  when  put  Into  the  eanbf  we  say  I 
iltfe  ;  and  if  wc  wonlcl  speak  mccuralcl/, 
'  ate  that  they  possessed  life  rvcn  befoca  lIi 
^iBpH  baa  the  earth  :  for  it  would  be  absurd  to  sii 
aaaa  tkat  the  teed  ohiaifud  life  mer clj  ^jr  being  pat  ii 
Cttiic  earth.  In  like  mantier  many  plants  dccaj, 
fiaeao  sjKDptomt  of  vegetation  during  winter  ;  yet^ 
thtj  vfigecate  when  the  mild  temperature  of  apctog 
lerta  titciii,  m^  consider  them  as  having  lived  all  wiati 
The  life  of  plants^  then,  and  the  phenomena  of  vagci 
tiao^  are  oot  precisely  the  same  thing  ;  tor  tbe  one 
be  separated  from  the  other,  and  ire  can  evea  mpp^ 
the  one  to  exist  mthout  the  other.  Nay,  whal  t 
are  can,  in  many  caaes  didde^  wttbout  hcii 
a  vegetable  ii  not  dead,  even  when  no  vegetation 
pears;  and  the  proof  which  we  have  for  its  iit'e  is, 
tt  nmmmt  mmbtrtd  i  for  we  know  that  when  a  ri 
table  is  dead,  tt  soon  changes  its  appearance, 
into  decay 

Thus  it  appears  that  the  id/f  of  a  vegetable  eoosii 
in  two  things:  i*  In  rem^iining  unaltered,  when  di 
eumstanccs  are  unfavourable  to  vegetation  i  2,  la  eibj 
bitiog  tbe  phenomena  of  vegetation  when  citcunutai 
are  favourable.  When  neither  of  these  two  things  hq 
pens,  we  may  say  that  a  vegetable  is  dead* 

The  phenomena  of  vegetation  have  been  enumeriia 
above.  They  consist  in  the  formation  or  eapaniiofi 
the  organs  of  the  plants  in  the  taking  in  of  namiik 
ment,  in  cairyiog  it  to  the  leaves,  in  digesting  it,  ifi 
tTibuiiog  it  through  the  plant,  in  augmenting  the  bal 
of  the  plant,  in  repairing  decayed  parts,  in  forniiog  i 
organs  when  they  are  necessary,  in  producing  scf<if 
pable  of  being  converted  into  plants  ucnilar  to  ibr 


DECAT  OF  PLAKTS. 


363 


»f .     The  cauii  of  these  phenomena,  whatever  it  may    Chap^m.^ 
be,  is  the  cause  aUo  of  vegetable  life^  and  may  be  distin-    Owmg  to  a 
guishcd  by  the  name  of  the  vegHative  principU.     But  ^^^ 
%n  toqtiiry  inta  the  nature  of  this  principle  belongs   to 
the  science  of  physiology ,  and  would  be  foreign  to  the 
nature  of  thi«  Work. 

The  death  of  plants,  if  wc  can  judge  from  the  phe-  13«aihof 
aomena,  ts  owing  to  the  organs  becoming  at  last  alto- 
gether unfit  for  performing  their  funciions,  and  inca- 
pable of  being  repaired  by  any  of  the  powers  which  the 
vegetative  principle  posses&cs.  The  changes  which  ve- 
getable substances  undergo  after  death  come  now  to  be 
examined*  They  shall  form  the  subject  of  the  eosuitig 
Chapter* 
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CHAP.  IV. 

OF  TlIE  DECOMPOSITION  Ul    VLUETA- 
BLE  SUBSTANCES* 


Xme  most  striking  di&tinction  between  llie  sutnlamti 
belonging  to  the   mineral  kingilom  a^d   thote  wtikk 
make  a  part  of  animaU  or  vegetablrs^  h  ilie  followiii| 
Mineral  bodies  show  little  or  no  teadeorjr  to  chaise 
their  nature;  and  i^hen  left  to  themselves^  oikdcTi^ao 
spontaneous  decoroposilions ;  whereas  animal  and  ftp- 
table  substances  arc  continually  altering  ;  and  wiuaMi 
to  themselves  in  fovotirable  eircumstancet,  alwa/i  tm 
through  a  regular  set  of  decompositions*     I  pro] 
ihib  Chapter  to  treat  of  the  spontaneous  decoin] 
of  vegetable  bodies  ;  those  of  animal   bodies  beL 
the  next  Book. 

We  have  seen  in  the  last  Chapter,  that  during 
tatton  the  constituents  of  plants  are  continualjjr 
through  a  regular  set  of  changes,  losing  tbe 
of  one  substance,  and  assuming  those  of  mnothcTi 
a  substance  which  in  the^oung  pUnt  has  the  pro^^fi 
of  mucilagCp  assumes  ia  the  old  the  properties  of  ^^^ftj 
what  in  green  fruit  is  an  acid^  in  ripe  fruit  t^^cm 


tTEGETABLE  SUBSTAWCE9, 


Vegetable  principles,  then^  are  not  fired  er  tta*     Ch^r-  IV; 
PMry  in  the  living  plant ;  they  are  gradually  running 
to  one  another*      But  this  tendency  to  change,  or  ra- 
er  this  continual  decern polition  in  consequence  of  the 
nltial  reaction  of  the  different  siaiple  substances  of 

fi  the  vegetable  principles  arc  composed^  is  by  no 
!  confined  to  the  living  state.  It  goes  on  witli 
or  with  greater  energy  in  favourable  eircum- 
rs  in  vegetable  matter  after  it  has  been  completely 
ftted  from  the  living  plants.  It  has  been  observed 
this  tendency  to  spontaneous  decomposition  is 
iially  greater  in  animal  than  in  vegetable  bodies ;  and 
at  those  vegetable  bodies,  in  which  the  tendency  is 
Miesty  bear  the  closest  resemblance  to  animal  matter. 
B^  the  common  chemical  phrase,  that  such  sub* 
mces  are  more  ammalmtd*  This  is  the  case  ytiih  glu* 
ui  particular^  which  undergoes  spontaneous  decom- 
^Bon  more  rapidly  than  mo^t  other  vegetable  bodies. 
^bring  the  spontaneous  decomposition  which  vege-  Thev^  ipon* 
Wm  substances  undergoes,  it  is  obvious  that  the  simple  ^*^:"*  •** 

Emces  of  which  they  arc  composed  must  unite  to- 
r  iJi  a  different  manner  from  that  in  which  thej 
tortnerly  united,  and  form  a  new  set  of  compounds 
I  did  not   formerly  ejiisr.     Now  it  has  been  ob- 
)  that  the  specific  gravity  of  these  new  compounds 
1&  almost  always  less  than  that  of  the  old  body.     Some 
K  them  usually  fly  off  in  the  state  of  gas  or  vapour* 
the  odour  that  vegetable   bodies  emit  during  the 
lime  ihat  tlicy  are  running  through  the  scries  of 
Itr  changes.     When  the  odour  is  very  offensive  or 

Eus,  the  spontaneous  decomposition  is  called  putrr- 
n  i   but  when  the  odour  is  not  offensive,  or  when 
Fm/.r.  B  b 
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%ny  of  the  new  oompoands  formed  U  applied  to  oic&l 
purpose!*,  the  spontaneous  decom[>o>iuon  U  called  yir.> 
mentation.  This  word  was  first  introduced  imo  cbe* 
ifjislry  by  Van  Uelmont  ^,  It  is  supposed  hj  loaicto 
have  originated  from  the  intestine  motioo  which  isiU 
ways  perceptible  while  vegetable  substances  mm  fo- 
menting \  while  by  others  it  is  derived  from  the  but 
which  in  these  6a&cs  is  always  generated*  The  tcnn 
ftrmcntatian  ti  now  very  often  applied  to  all  the  spcn* 
taneous  changes  which  vegetable  bodies  undergo  w\s^ 
out  regard  to  the  products.  It  therefore,  in  that  ysm^ 
includes  putn/action  ;  and  certainly  there  is  no  iopo* 
priety  in  thus  extending  the  term  so  as  to  make  it  oonw 
preliend  every  case  of  spontaneous  decomposiitioii*  Bj 
fermentation,  then,  is  now  meant  all  the  Bporitaneooi 
changes  which  take  place  in  vegetable  substances  alter 
they  are  separated  from  the  living  plant. 

All  the    phenomena  of  rermentntion   lay  for  miAy 

years  concealed  in  the  completcst  darkness^  andnoche^ 

mist  was  bold  enough  to  hazard  even  an  attempt  to  n* 

plain  them.    They  were  emplnyed,  however,  and^ 

^out  hesitation  too,  in  the  explanation  of  other  pheno 

na  ;  as  if  giving  to  one  process  the  name  of  another,  of 

•which  we  are  equally  ignorant,  could,  in  reality,  add 

^\mnf  thing  to  our  knowledge.     The  darkness  which  es*  J 

velopcd  these  phenomena  has  lately  begun  to  dispene; 

but  they  are  still  surrounded  with  a  very  thick  mist; 

and  we  must  be  much  better  acquainted  with  the  con* 

position  of  vegetable  substances^  and  the  mutual  aiii* 
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Bieif  ingredients,  thmi  we  arc  at  present,  before 

«4e3tpkin  ttietn  in  a  satisfactory  manner. 

Bentaticn  never  rakes  place  unless  vcgetaWe  sub* 

^  contain  a  certain   portioti  of  water,  and  tinless 

k  exposed  to  a  temperature  at  Least  above  Hi^ 

m  point.     When  dry  or  freezing,  many  of  tfieiii 

lonp  without  alteration*     Hence  we  have  an 

method  of  preventing  fermentation* 

I  take  a  view  of  all  the  vegetable  principles  de* 

in  the  first  Chapter  of  this  Book,  we  shall  find 

J  differ  mncli  from  one  another  in  their  tendency 

Sto  fcrmentatioD.  Gum,  sartocol,  starch,  indigo, 

OT,  camphor,  caoutchouc,  gum  resins,  wood, 

,  though  mixed  with  water,  and  placed  in  thfe 

^Durable  tempeiaiure,  shdw  scarcely  any  tenden- 

lange  their  nature.     Oils  absorb  oxygen  from 

fesphere  but  too  slowly  to  prodoce  any  inte^^tinc 

L      Tannin,  some  of  the  adds,  and  extractive, 

Ittaliy  decomposed  j  thesurfecc  of  the  liquid  be- 

liouldy,  and  an  insipid  sediment  falls  to  the  hot- 

ind  when  the  process  has  once  begun,  it  goes  on 

tater  rapidity.  Albumen  and  fibrin  putrefy  very 

\  but  the  products  have  not  }^^tn  ascertained'^ 

gradually  changes  into  a  kind  of  cheese. 

St  15  when  several  of  the  vegetable  principles 

led   together,  that  the  fermentation  is  most  per- 

I,  and  the  change  most  remarkable.    Thus  when 

is  added  to  a  solution  of  sugar  in  water,  the  li» 

k)n  runs  into  vinegar,  or  in  certain  cases  to  alco- 

8  vinegar.     When  gluten  is  mixed  with  starch 

er,  alcohol  and  vinegar  usually  make  their  ap^ 

but  the  greatest   part  of  the  starch  remains 

It  has  been  observed  that  certain  substances 
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arc  peculiarly  efficacious  in  exciting  fenncntatioa  ii 
otisers.  Tbese  substances  have  recedTed  the  naise  of 
/ermenis* 

But  the  phenomena  of  fermentation  do  not  tppear  b 
their  greatest  perfection  io  our  artificial  mixture  of  ve- 
gctabic  principles.  Those  complicated  parts  of  pliati 
in  which  various  principles  are  already  mixed  by  Uu 
ture,  especially  the  liquid  parts,  exhibit  the  finest  ipc. 
cimens  of  it ,  such  as  the  sap  of  trees,  the  juices  of 
fruits,  the  decoctions  of  leaves,  seeds,  &lc*  It  is  froa 
such  natural  mixtures  that  we  obtain  all  the  prodoctiof 
fermentation  which  mankind  have  applied  to  Bield 
purposes  ;  such  as  indigo,  beer,  bread,  vinegar,  wine, 
&c.  In  the  present  imperfect  state  of  the  subje^  I 
shall  satisfy  myself  with  an  account  of  the  most  ioK 
portant  of  these  products  of  fermentation^  mod  of  the 
phenomena  which  take  place  during  their  fonnatioa. 
I  shall  divide  this  Chapter  into  four  Sections:  In  the 
first,  I  shall  treat  of  the  fermentation  whi^h  takes  plia 
during  Ihe  making  of  bread  ;  in  the  second^  of  the  fier* 
mentation  which  produces  intoxicating  liquors ;  io  tit 
third,  of  the  fermentation  which  produces  vinegar  i  ui 
In  the  fourth,  that  which  reduces  the  substance  to  sttl> 
These  are  usually  called  the  panany,  vinoui^  aertoiu, 
zni putrefactive  fermentations* 


BUEAD. 


SECT.   I. 


IE  rANART  FERMENTATION. 


as  the  manufacture  of  bread  may  appear  to  us  Dt«covery 
we  been  always  accustomed  to  consider  it  as  a  **^  ^^^ 
process,  its  discovery  was  probably  the  work 
and  the  result  of  the  united  efforts  of  men^ 
gacity,  had  they  lived  in  a  more  fortunate  pe- 
iociety,  would  have  rendered  them  the  rivals  of 

or  of  Newton, 
inethod  of  making  bread  similar  to  ours  was 
n  the  East  at  a  very  early  period  ^  but  neither 
ise  time  of  the  discovery,  nor  the  name  of  the 
rbo  published  It  to  the  world,  has  been  pre- 
We  are  certain  that  the  Jews  were  acquainted 
in  the  time  of  Moses  :  for  in  Exodus  *  we  find 
kition  to  use  leavened  bread  during  the  celebra* 
ibe  passover.  It  docs  not  appear,  however,  to 
n  known  to  Abraham  ;  for  we  hear,  in  his  his* 
cakes  frequently,  but  nothing  of  leaven.  Egypt, 
^m  the  nature  of  the  soil  und  the  early  period  at 
w«s  civilized,  bids  fairest  for  the  discovery  of 
bread*      It  can  scarcely  be  doubted  that  the 
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Jews  teamed  the  ait  from  the  Egjrptians.  The  Gf«b 
assure  tit  that  they  were  taught  the  art  of  makiag 
bread  by  the  god  Pan.  We  learn  from  Hocner  ibtiu 
was  known  during  the  Trojan  war  *,  The  RomiAi 
were  ignorant  of  the  method  of  making  brtMl  till  the 
year  5B0  after  the  building  of  Rome^  or  2Q0  yeait  be* 
fore  the  commencement  of  the  Chnsttian  erai**  Stoct 
that  period  the  art  has  never  been  unknown  in  the  loatk 
of  Europe  ;  but  it  made  its  way  to  Uie  north  rttjnltm* 
ly,  and  even  at  present^  in  many  northern  countries,  £ieT* 
mented  bread  is  but  very  seMom  used* 

The  only  substance  well  adapted  for  makliig  brti^ 
I  mean  Joa/ bread,  ii  whe^t  flour,  which  is  com^omi 
chiefly  of  starch  and  gluten^  but  connins  alio  want 
mttniagf  and  tactbarine  maiirr.  It  ia  to  the  sluica  tlm 
Wheat  flonr  owes  its  superiomy  to  every  other  i$  ihi 
ba^i9  of  bread.  Indeed  there  are  only  two  otbcx  sab* 
it:)ncri  at  presenr  known  of  mhich  baf  bread  cm  be 
made  ;  these  are  rjfg  ikndpoiaUci,  The  rye  loaf  is  kf 
no  means  so  weU  r^iistd  as  tite  wbeal  bgf  ^  asd  f^oia* 
foes  will  not  make  br^^id  at  .tU  witrottt  particulor  tna* 
aajtemenr*  PotaiocSy  prcvioujily  boikd  and  reducrd  to 
a  very  fine  tough  paste  by  a  rolling  piop  mu^t  be  mi^rd 
with  an  ^qnat  weight  oi  poiatoe  starch*  This  ouxtaxt, 
according  to  Permentierp  if  bakevl  in  tbe^  usual  ws^ 
makes  a  vrfy  white,  \^cil  raised,  pieasaol  bfoeaiU 

The  biikiOg  of  bread  cotisists  tn  mwng  wheat  Boiif 
with  water,  and  forming  it  into  a  paicv.  The  zmnfi 
proportion  of  these  is  two  parts  of  walcr  to  tJisie  d 
flour*     fiut  this  proportion  varies  considerably,  8Cc«l» 


,f  l\hd^tM*Ai6. 


fPfiny^  t;t>.s«iji.eif.f|. 


age  and  the  qoalitj  af  the  flour.  In  general, 
Md  the  better  the  flour  is,  the  greater  is  th« 
jo(  water  required.  If  ihe  paste,  after  being 
Ipned,  be  allowed  to  reroaiD  for  some  time,  its 
bts  gradually  act  upon  each  other,  and  the  paste 
I  new  properties.  It  gets  a  disagreeable  sour 
|d  a  quantity  of  carbonic  acid  gas  is  e^rolved. 
^  the  paste  ferments  *.  These  changes  do  not 
|ce  without  watery  that  liquid,  therefore^  is  a 
|r  agent. 

jFermented  dough  is  known  bj  the  name  of  Ita- 
torn  the  experiments  of  Mr  Edlin,  it  appears 
ing  this  fermentation  the  temperature  of  the 
^creases,  and  that  a  quantity  of  vinegar  is  form* 
Ipound  avoirdupois  of  floor  mixed  with  half  its 
h£  water,  and  set  in  a  warm  place  to  ferment  for 
pc  hours,  generated  as  much  vinegar  as  required 
of  carbonate  of  potash  to  neutralize  it  f . 

after  standing  for  a  suiHcieot  time  to  fer. 

baked  in  the  usual  way,  it  forms  a  loaf  full  of 

our  bread,  but  of  a  taste  so  sour  and  unplea* 

it  cannot  be  eaten*     If  a  small  quantity  of  this 

^  or  leaven  as  it  is  called,  be  mixed  with  ncw« 

ste,  the  whole   begins  to  ferment  in  a  short 

quantity  of  gas  is  evolved :  but  the  glutinous 

e  flour  renders  the  paste  so  tough  that  the  gas 

scape ;  it  therefore  causes  the  paste  to  swell  in 

rection  :  and  if  it  be  now  baked  into  loaves*  the 

t  number  of  air  bubbles  impri'ioned  in  every 
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Bock  IV.  ^  ptrt  renders  the  bread  quite  full  of  ejet,  «nd  very  Ugkt, 
If  the  precise  quantity  of  leaven  necessary  to  produce 
the  fermentation,  and  no  more,  has  been  used,  the 
bread  is  sufficiently  light,  and  has  no  nnpleasant  taitC) 
but  if  too  much  leaven  be  employed,  the  bread  ksi  i 
bad  taste  ;  if  too  little,  the  fermentation  does  not  come 
on,  and  the  bread  is  too  compact  and  heavy*  To  mike 
good  bread  with  leaven  therefore  is  difficult.  Mr  Ed- 
lin,  however,  has  suggested  a  method,  which,  if  it  do 
not  injure  the  taste  of  the  bread,  ma^  be  practised  witk 
great  facility,  and  it  even  improves  the  lightness  of 
bread.  It  consists  in  adding  a  sufficient  quantity  of  csr- 
bonate  of  potash  to  neutralize  the  acetic  acid,  and  to 
knead  the  alkali  rapidly  into  the  dough,  so  as  to  pie. 
vent,  as  much  as  possible,  the  carbonic  acid  disengsgcd 
from  escaping  *• 

tionVromo-       '^^^  ancient  Gauls  had  another  method  of  feroKiit. 

^f^r  ing  bread.     They  formed  their  paste  in  the  usual  way ; 

'  and,  instead  of  leaven,  mixed  with  it  a  Hide  of  the  iarm 

which  collects  on  the  surface  of  fermenting  beerf .  Thii 
mixture  proiiuced  as  complete  and  as  speedy  a  fermcn« 
tation  as  leaven  ;  and  it  had  the  great  advantage  of  not 
being  apt  to  spoil  the  taste  of  the  bread.  About  tht 
end  of  the  1 7th  century,  the  bakers  in  Paris  began  to 
introduce  this  practice  into  their  processes.  The  praoi^ 
tice  was  discovered,  and  exclaimed  against ;  the  fscult/ 
of  medicine,  in  16SS,  declared  it  prejudicial  to  heaiti); 
and  it  was  not  till  after  a  long  time  that  the  bakers  loc^ 
cccded  in  convincing  the  public  that  bread  baked  with 
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ii  superior  to  bread  baked  with  leaven.  In  tbli 
J  the  bread  has  for  these  many  years  been  ferv 
1  with  barm* 

kftt  IS  this  barm  which  prodnces  these  effects  ?  Mr 
i  of  Manchester  baa  proved #  by  a  number  of  very 
Iting  experiments,  that  carbonic  acid  is  capable  of 
employed  in  many  cases  with  success  as  a  substi- 
)ft  barm  *.  Edlin  informs  us,  that  when  dough 
ed  with  water  impregnated  with  carbonic  acid,  the 
rri  precisely  as  when  yeast  is  used ;  and  he  assures 
it  yeast,  previously  deprived  of  its  carbonic  add 
it|  hu  no  efficacy  in  raising  bread ;  but  that  it 
iiQ  the  usual  way,  and  becomes  full  of  eyes,  if  the 
Hi  separated  be  again  added  f .  Hence  he  eon* 
that  carbonic  acid  is  the  only  essential  const]. 
>f  yeast,  as  far  as  the  raising  of  bread  is  con« 

ft  the  presence  of  carbonic  acid,  or  of  some  simi* 
^  is  essential,  cannot  be  doubted ;  but  there  is 
to  doubt  the  assertion,  that  yeast,  after  being  de- 
of  its  carbonic  acid,  will  not  afterwards,  when 
fted,  generate  a  sufficient  quantity  to  answer  all 
krposes  required.  It  has  been  customary  with  the 
I  of  Paris  to  bring  their  barm  from  Flanders  and 
ly  in  a  state  of  dryness*  When  skimmed  off  the 
t  is  put  into  sacks,  and  the  moisture  allowed  to 
t  \  then  these  sacks  arc  subjected  to  a  strong 
c,  and  when  the  barm  is  dry  it  is  made  up  into 
Now  this  process  must  separate  the  carbonic 
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aicid  ;  yet  this  birm,  when  agaio  moistened^  fiprmtati 
bread  cqnallj  well  with  new  barm* 

After  the  bread  has  fermented,  and  is  proprrij  r^tcd| 
it  h  put  into  the  oven  previously  heated,  and  allowed 
Ve  remain  till  it  be  baked.  The  iiiedn  heal  of  an  ovai| 
»» SMOCrtaiocd  bj  Mr  Tillet,  19  448^  *,  The  bokendo 
not  use  a  Uiermomcter  :  but  the/  judge  tliai  tbe  Vfwm 
has  arrived  at  the  proper  heat  when  Bour  Lhrownoii  tbe 
floor  of  it  becomes  black  verj  &oo>n  without  taking  h^ 
Wc  9ee»  from  TiUet%  experiment^  that  this  bappBii  it 
the  heat  of  44S^« 

A  tat^k  of  Hour  containing  five  bu&bels^  aod  we%k 
ing  s80  lbs.  avoifdupoiii  it  in  this  country  made,  Kt  id 
average^  into  $0  quartern  loaves.  Hence  3t  Ibtuef 
flour  go  to  every  loaf.  From  the  evidence  laid  beCnt 
a  Committee  of  the  House  of  Commons  in  1 BO^  vt 
leurn  that  for  this  quantity  of  flour  five  pounds  avmrda* 
pois  of  common  salt,  and  about  three  English  pintyof 
good  ycast|  arc  allowed*  There  i^  reason  to  believe, 
also,  that  about  an  ounce  of  alum,  previously  disiolved 
in  water,  is  mixed  witlj  the  yeast  f .  After  the  dough 
ba»  been  properly  kneaded  and  fermentedi  it  is  dividd 
into  masses,  weighing  each  4  lbs.  15  ounces  avoirdo* 
pois  ;  the  quantity  of  wet  dough  srllowed  for  a  quanem 
loaf.  It  is  then  put  into  the  oveni  and  when  suificicilft- 
ly  baked  i%  withdrawn.  By  the  laws  of  thts  ctKintiy, 
every  quartern  loaf  must  weigh  4  lbs.  54  auncvs  avoi^ 
dupois.  Hence  we  see  that  it  loses  about  iij^owies 
while  in  the  oven.  The  number  of  loaves  obuinol 
from  d  sack  of  flour  varies  a  good  deal  ^  sometimes  Si 
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made  from  it,  somenmnscarcely  80,  de*    Cliap.iv. 

Hg  obviously  on  ihc  quality  of  the  flour  *. 

ippcars,  from  the  report  of  the  commissioners  of  ^*!!!1"'' 
tQch  Academj  in  ],7&3t  that  French  bread  loses  ^  «>^cn- 
more  weight   than   what  has  been  above  stated. 

lillet,  and  the  other  commissioners  who  were  ap* 

}d  to  examine  this  subject  in  consequence  of  a  pe* 
&om  the  bakers  of  Paris,  found  that  a  loaf^ 
weighed  before  it  was  put  into  the  oven  4*025 
s,  alter  being  taken  out  baked,  weighed ,  at  aa 
[f,  only  yBl3  pounds,  or  0'8J2  pound  less  tbau 
Mte.      Consequently  100  parts  of  paste  lose,  at 

^age,  n*34  parts,  or  somewhat  less  than  f  th,  by 
I  f .  They  found,  however,  that  this  loss  of 
i  was  by  no  means  uniform,  evea  with  respect 
se  loaves  which  were  in  the  oven  at  the  same 
of  the  same  form,  and  in  the  same  place,  and 
were  put  in  and  taken  out  at  the  same  instant. 

;reatest  dii!x:rence  in  these  circumstances  amount* 

^2869,  or  T5  parts  in  the  hundred,  which  is  about 
f  the  whole.  This  difference  is  very  considerable, 
16  not  easy  to  say  to  what  it  is  owing.  It  is  evi^ 
that  if  the  paste  has  not  all  the  same  degree  of 

irej  and  if  the  barm  be  not  accurately  mixed 
p  the  whole,  if  the  fennentatioo  of  the  whole  be 

Ipcisely  the  same,  that  these  differences  must  lake 
Noiv,  it  is  needles  to  observe  how  diificuh  it 
iform  all  this  completely-     The  French  com- 

iDers  found|  as  might  indeed  have  beeo  expected, 
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that,  other  things  betiig  equal,  the  lou  of  weight  i 
ed  is  proportional  to  the  txteni  of  surface  of  the  loa^ 
and  to  the  length  of  time  that  it  remaioa  in  the  ovco^ 
that  is  to  say^  the  smaller  the  extent  of  the  extemil 
surface^  or,  which  is  the  same  things  the  nearer  the  loaf 
approaches  to  a  globular  figure^  the  smaller  is  the  lots 
of  weight  which  it  sustains  ;  and  the  longer  it  cofitinues 
in  the  oven,  the  greater  is  the  loss  of  weight  which  it 
austains.  Thus  a  loaf  which  weighed  exactly  fimr 
pounds  when  newlj  taken  out  of  the  oven,  being  rt- 
placed  as  soon  as  weighed,  lost,  in  ten  minutes,  "]2S 
pound  of  its  meight,  and  in  ten  minutes  more  it  tgaso 
lost  '0025  pound  •• 

Loaves  arc  heaviest  when  just  taken  out  of  the  oven  ^ 
thcjr  gradually  lose  part  of  their  weight,  at  least  if  ao( 
kept  in  a  damp  place,  or  wrapt  round  with  a  wet  cloth  t. 
Thus  Mr  Tillct  found  that  a  loaf  of  four  pounds,  ifier 
being  kept  for  a  week,  wanted  *3125#  or  nearly  ^ihof 
its  original  weight  t- 

When  bread  is  newly  taken  out  of  the  oven,  tt  has  i 
peculiar,  and  rather  pleasant  smell,  which  it  loses  by 
keeping,  unless  its  moisture  be  preserved  by  wrapping 
it  round  with  a  wet  cloth  ;  as  it  does  also  the  peculiir 
laste  by  which  new  bread  is  distinguished.  This  shovi 
OS  that  the  bread  undergoes  chemical  changes ;  but 
what  these  changes  arc,  or  what  the  peculiar  substance 
is  to  whicli  the  odour  of  bread  is  owing,  b  not  knows. 

Bread  differs  from  the  flour  of  which  it  it  made,  for 
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isofie  of  the  ingredients  of  the  Roar  cm  now  be  dis- 
covered in  it*  The  only  chemist  who  has  attempted  aa 
anftljsis  of  breiul  i%  Mr  Geo&oj.  He  found  that  100 
parts  of  bread  contained  the  following  ingredients : 

24*735  water 

32*030  gelatinous  fnatter^  extracted  bj  boiling  water 

S9-843  residuum  insoluble  in  water 


96*608 
3-392  loss 


lf)O*O0O 

Bat  this  analysis,  which  was  published  in  the  Me- 
moirs of  the  French  Academy  for  the  jear  1732,  was 
flitde  at  a  time  when  the  infant  state  of  the  science  of 
cbcmtstry  did  not  admit  of  any  thing  like  accuracy.  It 
is  by  BO  means  improbable,  that  if  bread  were  to  be 
exaimned  with  care,  both  the  gluten  and  starch  might 
itiU  h^  detected,  though  perhaps  it  would  be  difficult 
to  separate  them. 


SECT.  IL 

or  THE  VIKOUS  FEKMEHTATtOK. 

ITDER  this  name  is  comprehended  every  species  of 
station  which  terminates  in  the  formation  of  an 

aiicating  liquid.  Now  these  liquids,  though  nu- 
merous, may  be  comprehended  under  two  general 
heads  I  namely,  those  which  are  obtained  from  the  de^ 
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Book  IV.  cochons  o/jf^dsf  and  those  which  «fe  obtaiAed  fnisillle 
Jmcii  of  plants.  The  liquids  of  the  first  dai«  trt  ^ 
fiDtninatcd  hter  or  wash^  those  of  ihe  lacood  wim* 


I«    Beer* 
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Scecf»LOg  of 
batley. 


TIic  method  of  making  beer  was  known  m  the  most 
remote  ages*  The  Greek  writers  give  the  bommz  of 
the  invention  to  the  Egyptians.  Almost  every  ipecici 
of  corn  has  been  employed  for  the  purpose*  la  Eu« 
rope  it  is  usually  made  from  barley,  in  India  firoro  rice, 
in  the  interior  of  Africa  from  the  bo/cm  spicaint  •  ;  bat 
whatever  grain  is  employed,  the  process  is  nesrly  the 
same*  We  shalt  therefore  select,  as  an  acmmple,  ^s 
beer  made  in  this  country  from  harUy* 
^  I,  As  the  grain  in  its  natural  state  has  been  bmal 
unsuitable  for  yielding  good  beer,  it  is  usisal^  in  thefini 
place^  to  convert  it  into  mati* 

The  term  malt  is  applied  to  grain  which  tras  bcco 
made  to  germinate  anificially  to  a  certain  extent,  afkir 
which  the  process  is  stopped  by  the  appUcmtaoQ  of 
heat* 

The  barley  is  steeped  in  cold  water  for  i  period 
which  (as  regulated  by  law)  must  not  be  lest  than  40 
hours  \  but  beyond  that  period  the  steeping  may  be 
continued  as  long  as  is  thought  proper.  Here  it  im- 
bibes moisture,  and  increases  in  bulk ;  while  at  the 
same  time  a  quantity  of  carbonic  acid  is  emitted,  andi 
part  of  the  substance  of  the  husk  is  dissolved  by  the 
»teep*water.    The  profiortion  of  water  imbibed  depeadf 
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the  badej,  and  partly  on  the  length  of  time  Cha^.^ 
is  fll|epGd«  From  the  average  of  a  good  many 
it  tppemrs  that  the  medium  increase  of  weight, 
pingy  may  be  reckoned  0*47  $  that  ts  to  say, 
100  pounds  of  barley  when  taken  out  of  the 
eighs  147  pounds.  The  average  increase  df 
about  a  &fth  ^  that  is  to  say,  that  iOO  bushels 
I,  after  being  steeped,  swell  to  the  bulk  ol  120 
The  carbonic  acid  emitted  while  the  barley  is 
eep  is  inconsiderable  ;  and  it  is  probable,  from 
ments  of  SKUssure,  that  it  owes  its  for  mat  ion, 
in  part,  to  the  oxygen  held  in  solution  by  the 
ater. 

^  5teep*water  gradually  acquires  a  yellow  coloiir^ 
peculiar  smell  and  taste  of  water  in  which 
las  been  steeped.  The  quantity  of  matter  which 
in  solution  varies  from  ^th  to  ri^th  of  the 
of  the  barley.  It  consists  chiedy  of  an  extrae- 
Itcr  of  a  yellow  colour  and  disagreeable  bitter 
vhich  deliquesces  in  a  moist  atmosphere,  and 
I  always  a  portion  of  nitrate  of  soda.  It  holds 
ion  most  of  the  carbonic  acid  disengaged.  This 
live  matter  is  obviously  derived  from  the  husk 
barley,  and  is  the  substance  to  which  that  husk 
its  colour.  Accordingly  grain  becomes  much 
ly  steeping. 

r  the  grain  has  remained  a  sufficient  time  in  the  ^^^^j. 
ihe  water  is  drained  off,  and  the   barley  thrown 
the  cistern  upon  the  malt-tloor,  where  it  is  form- 
a  rectangular  heap,  called  the  coucbf  about  la 
Hi  deep.     In  this  situation  it  is  allowed  to  remain 
at  26  hours.  It  is  then  turned,  by  means  of  wooden 
1  diminished  a  little  in  depth.     This  turn* 
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in^  i$  ret>eated  twice  ft*dty  or  afiener,  tad  tlie  grtm  b 
spread  thianer  and  thinner^  till  «l  U$t  tti  depth  does  not 
exceed  a  few  inches. 

When  placed  on  the  caacb,  it  begins  gradoaUj  to 
sbtorb  oxygen  from  the  atmosphere,  and  to  convert  it 
into  carbonic  acid  v  at  lirtt  very  slowlj,  but  mftervpuds 
more  rapidly.  The  temperature,  at  first  the  same  with 
that  of  the  external  air,  begins  ilowlj  to  increase ;  md 
in  about  96  hours  the  grain  is,  at  an  average^  abom  10* 
hotter  than  the  surrounding  stmosphere*  At  this  titne 
the  grain,  which  had  become  dry  on  the  surface,  U* 
comes  again  so  moist  that  it  will  wet  the  hand,  and  es* 
hales  at  the  same  time  an  agreeable  odour,  not  unlike 
thai  of  apples.  The  appearance  of  this  moisture  is 
called  jwtating,  A  small  portion  of  alcohol  appesrt  Id 
be  volatilixed  at  this  period.  The  great  abject  of  dse 
maltmen  is  to  keep  the  temperature  from  becooiieg  «!• 
cessive.  This  they  do  by  frequent  turning.  The  tem* 
perature  which  they  wish  to  preserve  varies  from  5>^ld 
62*^,  according  to  the  difierent  modes  of  malibg  puriued* 

At  the  period  of  the  sweating  the  roots  of  the  grsim 
begin  to  appear,  at  first  Hke  a  small  white  promioeaGFi 
at  the  bottom  of  each  seed,  which  soon  divides  indf 
into  three  rootlets,  and  increases  in  length  with  vtij 
great  rapidity,   unless  checked  by  turning   the  roilr. 
About  a  day  after  the  sprouting  of  the  roots,  the  na4i- 
ments  of  the  future  stem,  called  acrospin  by  the  ask-  ^ 
sters,  may  be  seen  to  lengthen.     It  rises  from  the  sssie 
extremity  of  the   seed  with   the  root,  and  iidvanchi^ 
within  the  husk,  at  last  issties  from  the  opposite  cnJ 
but  the  process  of  malting  is^op|>ed  before  tt  has 
such  progress.  ^^^i 

As  the  acTOipire  shoot  ^  fj^^^  V^^ 
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ticl^  or  mealj  part  of  the  com,  under-  .?^' ^ 
dertble  change.  The  ghitinous  and  mtici. 
liter  is  taken  up  and  removed,  the  colour 
Ue,  and  the  texture  so  loose  that  it  crumbles 
^been  the  fingers.  The  object  of  malting 
«  this  change:   when  it  is  accomplished, 

place  when  the  acrospirc  has  come  nearly 
f  the  seed,  the  process  is  stopped  by  drying 
Mt  the  ktln.  The  temperatare  at  first  does 
JO**;  but  it  is  raised  very  slowly  up  to  140% 
according  to  circumstances.  The  malt  i4 
I,  to  separate  the  rootIets,^tvhich  arc  coosi- 
urious.  ^ 

short  sketch  of  the  process  of  malting.  Lo^fut- 
bcing  converted  into  roah,  generally  in-  *„*"jj^^ 
or  three  per  cent,  in  bulk  ;  and  loses,  at  an 
>Ut  a  fifth  of  its  weight,  or  20p<r  cent.  But 
parts  12  are  to  be  ascribed  to  kiln-dryings 
of  water,  which  the  barley  would  have  lost 
exposed  to  the  same  temperature  ;  so  that 
i  does  not  exceed  eight  per  cent.  From  a 
trials,  made  with  as  much  attention  to  all 
stances  as  possible,  the  following  seems  Xq 
of  accounting  for  this  loss  : 

cd  off  by  the  stccp^watcr,^ 1-5 

pated  in  the  floor*.. .*...«...,*«««*««*3*0 

s,  separated  by  cleaning t.B'O 

Vf  •••  ■  t*  •••••  ..•..••••»»••••*•*•♦•**»**. *0*5 

on  the  floor  ought  to  be  entirely  owing  to 
ton  of  carbon  by  the  oxygen  of  the  atmo* 
tiwere  this  the  only  caus«,  it  would  be  mucb 

# 
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Book  IV*  sfoatler  than  three  fftr  ant*  Twq  olhet  Cdusei  amcof 
IQ  (iroducc  thi»  loss :  1 .  Maojr  of  the  roots  are  btokea 
off*  durlug  the  tuniiog  of  the  tnalt ;  these  wilbrr  sq4 
aire  lost,  while  others  grow  in  their  place  :  2«  A  ccrtaia 
portion  of  the  seeds  lose  the  power  of  gerinin^tijv^,  Lj 
bruises  or  other  accidents,  and  these  lose  a  much  gtcii^ 
er  portion  than  liirce  per  ant,  of  their  real  weight, 
From  a  good  manjr  trials,  made  with  as  much  caie  n 
possible,  I  am  disposed  to  conclude  thai  the  quaiuiijrof 
earbon,  separated  during  the  whole  process  of  Tfrfltam, 
by  the  formation  of  carbonic  aciJ  gas,  does  nolettM^J 
two  ftr  cittt>  and  that  the  weight  of  the  roots  toi^^M 
amounts  often  to  four  ^rr  cent.  These  two^  in  realit]r» 
include  the  whole  real  loss  of  weight  which  barlejfus* 
tains  when  malted.  What  is  lost  in  the  siting  hm^ 
bnsjc,  need  scared/  be  reckoned* 

The  roots  appear,  Ifrom  the  process,  to  be  fiormcd 
chiefly  from  the  mucilaginous  and  glutinous  parucf 
the  kcrtieK     The  starch  is  not  employed  io  iimz  ht* 
mation ;  but  undergoes  a  change,  intended  no  doubt  t9 
fit  it  for  the  future  nourishment  of  the  plumola.    If 
acquires  a  sweetish  taste,  and  the  property  of  foriojag 
a  transparent  solution  with  hot  water,     lu  short,  n  ap* 
proaches  somewhat  lo  the  nature  pf  sugar ;  hut  jiinurli 
more  soluble,  and  much  more  easily  dccon 
that  priucijjle.     No  doubt  it  i&  by  the   ab  .. 
carbon,  ijiThich  takes  place  on  the  m»lc  floor«  ibat  ihii 
change  is  brpught  about.     The  action  of  hot  water  tn 
barley  meal  seems  gradually  to  induce  a  similar  oae. 
Irtwiitg.  *•  Malt  thus  prepared  is  ground  in  a  mil),  tnd  in- 

fused IQ  a  large  cylindrical  vessel^  called  the  masLlmt 
with  somewhat  more  than  its  own  bulk  of  watertofa 
temperature  Tiu^fing  from  160^  to  1S0%  ac^orJinfta 
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of  the  brewer.  The  infusion  h  left  covered 
thmc  bours^  and  then  the  liquid  drawn  off 
at  the  bottom  of  the  vcsicL  More  hot  wa- 
^wards  add^d,  and  the  infusions  repeated  in  m 
iajiner>  till  ihe  malt  il  sufficiently  exhausted. ' 
md  thus  obtained  is  called  wort.  It  hai  m  Cawtims 
lour^  a  luscious  sweet  taste,  a  peculiar  Itndl^  ^oft« 
the  process  is  properly  conducted  is  perfectly 
\tk  It  consists  of  the  water  employed  holding 
r  part  of  the  mate  in  solution.  When  exa* 
reagents^  it  appears  to  consist  chiefly  of  fout^ 
substances  held  in  solution  together  :  namely^ 
t  tasted  substance^  to  which  the  name  of  sac-^ 
lotffr  has  been  given.  It  is  by  fat  the  great- 
fit  of  quantity*  This  substance  when  separa- 
light  brown  colour;  when  dried  at  160%'  tl 
brittle  mass  with  a  glaied  surface;  at  the 
re  of  180**,  or  a  little  higher,  its  coldtir  bc- 
Aer  I  and  if  we  keep  it  in  that  temperature^ 
)s  it  occasionally^  it  becomes  at  last  almost 
kcs  its  sweet  taste  altogether^  and  acquires  a 
igrteable  one.  In  a  temperature  somewhat. 
I  under  the  boiling  point,  it  is  charredt  It  is 
lAe  in  water,  and  if  once  dissolved  can  sCaree^^ 
lowered  again  by  evaporation  without  const i 
OSS.  Alcohol  dissolves  it  very  imperfectly 
when  heat  is  applied  it  depri'ves  the  alcohol 
ion  of  water,  and  forms  a  tough  mass  like  tur^ 
hich  refuses  to  dissolve,  Tlie  specific  gra- 
tits  saccharine  matter  is  1*53'2.  It  appears  Id 
ntial  constituent  of  wort.  2.  Starch*  The 
of  this  substance  is  eai^ily  detected  by  dropping 
ion  of  nutgalls  into  wort ;  a  precipitate  appears, 
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ly*  which  if  mostly  rcdissolvcd  by  bcaling  the  lipoid  tt 
olublc  pari  of  die  prccipitite  iit^ 
cotDbiiuiign  of  gluiei)  a^id  tannin.  The  proportiooQi 
jjlulcfi  in  won  is  very  ln«onsidcrablc.  That  of  the 
Uarch  ^obablj  dimujustics  in  propcrtion  mm  the  badcjr 
|l  mor^rcompktdjr  maltod.  1  have  detected  %UrA  m 
pretty  old  and  perfectly  tran  Ic;  but  the  fhaki 

h^d  disappeared.      New  ale,  cr«  often  eontika 

traces  of  it.  4.  The  fourth  ingredient  in  wort  ii 
I(fgc,  wliicb  precipitate  in  fiakes  when  thf  wort  ii  draft 
into  alcohol.  Its  quantity  is  more  considerable  ii2  the 
wort$  l^st  ilrawn  oil  than  in  the  dr«t  worths. 

The  ivort  is  boiled  wttli  a  quanti^  of  bopSi  ^icb 
vary  condidorably^  but  which  may  be  utaied  in  gamU 
at  about  ^*^ib  of  the  >veight  of  the  malt*  When  iiii& 
oiently concentrated^  it  i^  th^owo  into  very  wide  flat  nh 
seU  called  cooUrt^  placed  in  the  most  apen  satoatiofi 
that  can  be  had.  Hero  it  is  cooled  down  to  the  icm* 
peraturc  of  about  52^»  and  then  let  down  into  a  deep 
round  wooden  vessel  called  the  Jcrmcniimg  ium*  The 
apeci&c  gravity  of  the  wort  when  put  inlo  tite  fermouiBj 
tuns  varies  very  much.  The  wort  of  strong  ale  is  some 
tin^s  as  low  as  |*Oi0  (or  perliapa  even  lower} ,  some- 
times  as  high  as  1*127*  In  the  first  case  it  contains  1&6 
per  cent,  of  kolid  matter;  in  the  second  28*0  pffOM, 
The  wort  of  small  beer  varies  from  1*015  to  I'Oioj  i^ 
first  containing  not  quite  3*5  p€r  caU*  and  llir  lecaod 
about  9*5  /#r  cem*  of  solid  matter. 
*^*^  The  use  of  the  hops  is  partly  to  communicate 

culiar  flavour,  from  the  oil  which  they  contain  ; 
to  cover  the  sweetness  of  saccharine  matter  by  the  bi- 
tcr  priuciple  which  they  contain  i  and  partly  l» 
teract  the  tendency  whic!\  wort  has  to  run  into 
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f  ihe  Wort  be  let  down  into  the  fenneti ting  tun  nt    Chap.  i\\ 
temperature  of  60^,  or  rather  higher,  the  substances 
ich  it  holds  in  solution  begin  gradually   to  act  upon 
b  other^  and  to  decompose  each  other.     The  tempe- 
■»  rises,  an  intestine  motion  takes  place,  a  scum 
leds  on   the  surface,  and  carbonic  acid  gas  is  emit- 
.    This  intestine  motion  is  caWedJermentatwri*    The 
poaition   of  wort   to  ferment  is  not  sufficiently  great 
ioduce  it  with  the  requisite  rapidity.     It  takes  place 
slowly  and  impetfecfly,  that  the  liquor  runs  into  aci- 
efore  the  formation  of  ale  has  made  sufficient  pro- 
To  prevetit  thts,  it  is  requisiie  to  add  to  the 
lome  substance  which  has  the  property  of  indu- 
eedy  fermentation.     The  substance  made  choice 
feasi^  or  the  frothy  matter  which  colltcts  on  the 
of  the  beer  while  fermenting.    The  quantity  of 
used  by  brewers  is  but  small,  generally  about  a 
rto  every  three  barrels  of  the  wort, 
yeast  thus   added  appears   to  act   chiefly    upoti 
r'*  saccharine  matter  held  in  solution  in  the  wort,  to 
rdCDpose  it  while  it  undergoes  partial  decomposition 
elf*    By  this  mutual  action  the  saccharine  matter  dts- 
BlTSy  the  specific  gravity  of  the  wort  diminishes^  and 
•^properties  alter,   being  converted  into  the  tntoxica- 
ig  liquor  called  ale^     During  this  mutual   action  the 
B^perftture   of  the  liquid  increases,  and  the  increase 
ttds  upon  th^  violence  of  the  fermentation.     In  ale 
the   rise  of  temperature  is  but  small,  amounting 
average  to  about   15",  because  the   quantity  of 
;  is  small  J  but  iti  the  fermentation  of  wash,  k  oft- 
I  amounts  to  50^,  or  even  more  in  some  cases. 
Considerable  exertions  have  been  made  by  chemists,   An*lysiirf 
IhUm  to  aicertain  the  natiu-e  of  the  substance  in  yeast 
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BM>k  IV.  whipb  produces  this  striking  effect  npcm  wort^  ind  to 
discover  it  if  possible  in  other  substances.  Westnisb 
examined  the  yeast  of  beer.  From  15S60  parts  of  it 
)ie  obtained  the  following  substances  ; 

Foush , ^      13 

Carbonic  acid «       15 

Acetic  acid»«...*«*-««-       10 

Malic  acid 45 

Lime • ••••«•      00 

Alcohol  • ••••     840 

Extractive  ..•••••• 120 

Mucilage  •• •     240 

3iACcharine  matter  ^...     315 

Gluten 480 

Water  |.,..«.«. ••^^•••••13595 

15X42 

Resides  some  traces  of  phosphoric  acid  and  of  silIal^ 
Put  it  is  obvious,  that  all  these  ingredients  are  not  es- 
sential. From  the  experiments  of  Westmmb,  itsp* 
pears  that  when  the  yeast  is  filtered|  a  matter  remsin 
upon  the  filter  which  possesses  the  properties  of  glnleo ; 
that  when  this  substance  is  separated  the  yeast  loses  the 
property  of  exciting  fermentationj,  but  recovers  it  sgsio 
Gluten  itt  when  the  gluten  is  added.  Hence  it  £i>llowa  that  thii 
glutinous  matter  is  the  essential  constituent  of  the  ycsiL 
When  yeast  is  kept  for  some  time  in  cylindrical  glau 
vessels,  a  white  substance  not  unlike  curd  separatei|nd 
swims  upon  the  surface.  If  this  substance  be  renwfcd^ 
tl^e  yqast  loses  the  property  of  exciting  fermentatioD. 
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ante  possesses  many  of  the  propcrdes  of  gla*    ^^v  ^' 

Bgh  ft  differs  from  it  in  others,     It»  colour  is 

^hiteT ;  it  has  not  the  same  thstictly  ;  and  its  par* 

not  adhere  with  the  same  force.     It  dissolves 

tuiily  in  acids.      I  have  little  doabt  that  this  is 

H  of  jeast  which  is  the  real  ferttient.    It  maj  be 

|red  as  gluten  somewhat  altered,  and  much  more 

to  decomposition,     hexisted,  no  doubt,  in  iht 

iln,    but  underwent  considerable  modifications 

the  process  of  malting,  atnd  probably  othefs  du- 

fermcn cation  of  the  beer  from  whJch   it  sepa- 


a  substance  analagous  to  gluten  is  the  real  fcr- 

ppears  also   from  the  experiments  of  Fabroni, 

Alii  shed  a  Treatise  on   Wme-teaking  in  J  785, 

ned  the  prize  proposed  by  th^  FlorehCd  Aca- 

By  heating  the  jnlce  of  grspiNt,   ^nd  p     ^      ;l 

a  filter^  he  separated  an  adhtvtve  matri  ^ 

M  the  propertfes  of  gluten.     *rW)<i{6i  dcpAvtd 

^bstance   refused  to   fermenr,  but  it  fc 

I  Mfhen  the  glutinous  macter  was  a(;aii.  ivuLi^... 

hserrationsof  Thcnard  confirm  those  of  Fabront. 

ind  tn  the  juices  of  all  fruits  examined,  a  sub- 

pmilar  to  that  described  by  Fahroni,  and  which » 

bg  to  him,  is  absolutely   the  same    with  pure 

^  This  substance  is  insipid,  docs  not  change  ve- 

blaes,  is  insoluble  in  watcr>   loses  ^ths  of  its 

^when   dried,  and  is  decompo!>cd  like  animal 

fees.    When  eight  parts  of  it  were  distilled,  ibcy 

Is  of  charcoal,  and  yielded  l'6t  of  water,  1*31 

imnd  a  quantity  of  ammonia^  which,  when  s^tu> 

Itith  muriatic  acid,   formed    1*40  of  sal-ammo- 

thc  gas  obtained  weighed  0'33,  and  ccn^isicd  of 


Ale. 


fth  curbonlc  add*  aad  ftlis  of  carbureted  hydrogen,  rer 
quiring  li  times  its  bulk  oi  oxjrgen  to  cooiuiDe  it.  Ni*^ 
trie  acidy  even  when  diluted^  coavertH  it  into  a  spcciei 
of  tallow.  \Vi(h  potash  it  forms  a  soap,  while  amoio* 
nia  is  disengaged*  When  mixed  with  sugar  snd  %  itt& 
cicnt  quantity  of  water,  fcrmentatioii  takes  place,  car* 
bonic  acid  is  disengagedp  and  a  vinous  liquor  formed* 
By  this  action  the  ferment  loses  the  whole  of  its  atotCi 
and  becomes  incapable  of  exciting  fermentation  wbca 
mixed  with  a  new  portion  of  sugar  ** 

The  essential  con^utucnt  of  yeast,  then,  may  ba  cos* 
iidercd  as  a  species  of  gluten,  diflfering  in  scTcnl  le* 
spects  from  the  gluten  of  wheat.  When  mixed  with 
the  wort^  this  substance  acts  upon  the  saccharioe  mitlieri 
the  temperature  rises^  carbonic  acid  is  disengaged*  sad 
the  saccharine  matter  is  converted  into  a1e«  The  yeut 
soon  collects  on  the  top  of  the  liquid,  but  the  bctwct 
occasionally  mixes  it  again  to  continue^ the  fermoMa* 
tion.  The  quaiiiity  of  yeast  employed  being  smiUf 
the  aaccltarine  matter  is  but  imperfectly  decomposed^ 
Hence  a  considerable  portion  of  it  still  remaioi  in  tbe 
ajv ,  and  gives  it  that  glutinousness  and  body  for  whidt 
it  is  remarkable.  The  specific  gravity  of  mje  wa 
very  much  according  to  the  original  strength  of  ^t 
wort,  and  the  extent  to  which  the  fermeotaUon  bsi 
been  carried^  The  limits  may  be  stated  at  about  1*035 
and  1*012* 

The  properties  of  ale  arc  so  well  known  that  node* 
Scription  is  deemed  necessary.  As  it  possei^es  iutoii- 
eating  qualities,  it  has  been  considered  as  holding  i/co^ 
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Wash* 

kol  in  solutioo  $  bot  this  is  by  no  meaiis  pr^*ed«  It  is 
tme^  that  when  distilled  it  yields  alcohol  ;  but  this,  as 
BeriboUet  hss  observed,  ra^y  be  in  consequfmce  of  a 
decomposition  brought  about  by  the  heat  *,  It  t!i  cer^ 
taiJi  that  the  inioxicating  quality  of  ale  is  by  no  means 
proportioQsl  to  the  quantity  of  alcohol  which  it  yieMs 
when  distilled. 

IL   Wash. 

Ale  being  Intended  as  an  article  of  food,  and  its  va* 
Itie  depending  in  a  great  measure  on  its  favour  and  ap* 
pearaacci  particular  attention  is  paid  to  obtain  these  ia  as 
great  perfection  as  possible*  But  there  is  another  spe* 
cies  of  aje  which  is  brewed  by  the  distillers  for  the  ex-> 
press  purpose  of  procuring  from  it  arder^t  spirits  by  a 
subsequent  process*  The  method  which  they  follow  is 
in  several  respects  diflTerent.  In  particular^  they  endea- 
vour to  carry  the  fermentation  to  as  great  a  length  as 
pos^ible^  because  the  quantity  of  spirits  is  proportional 
to  the  saccharine  matter  decomposed,  whatever  remains 
unaltered  yielding  ntnie.  It  is  here,  therefore^  that  the 
effects  of  fermentation  can  be  best  observed. 

1.  In  this  country  the  diHillersdo  not  brew  from  pure  Brcwiag. 
malt;  they  use  chiefly  raw  grain*  The  proportion  of  malt 
varies  from  a  third  to  a  tenth  part  of  the  raw  grain  etn* 
ployed.^  This  mixture  they  grind  to  meal,  infuse  with 
water  at  a  heat  considerably  lower  than  thai  of  the  water 
ttied  by  the  brewers^  and  employ  much  more  agitation 
I  Id  mix  it  completely*    The  wort  is  drawn  olTand  cooled 
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^*    in  the  tttnal  w«y,  and  fresh  water  poorcd  on  h)  eshin 

The  wort  thus  formed  is  not  so  tftnsp^rcnt  it  fllM 
from  mfllt,  bui  its  uste  is  ne«r]y  «s  ftwcet.  It  vronfi 
apl>rjiri  thtrtfore,  thtt  ihe  it  arch  in  the  raw  grwin  or- 
drrgors  a  certain  change  diirmg  the  tn«shilV|f»  tad  ii 
brought  tu wards  the  st«lc  of  saccharine  mutter. 

In  this  country,  where  the  duty  is  levied  chicllj  upon 
the  watb  *,  the  distillers  make  the  spectre  gravity  of 
thtrir  wort  as  high  at  from  l*0R4  to  1*110  :  this  ihejr 
do  not  by  boilings  but  by  hhhing  ;  that  f%  by  prepi^ 
ring  a  <itrong  infusion  of  the  flour  of  maltf  or  of  biiky 
and  malt  and  hot  water^  and  adding  thtt  •hnoil  ii1ti> 
rated  solution  to  the  wort  till  it  has  acquired  the  rttpk* 
site  strength.  But  in  Holbnd,  where  the  dutiet  art 
levied  in  a  different  way,  the  specific  gravity  of  ibe 
wort  it  moch  lower. 
F<fiiicitti«  The  won  thus  made  is  let  down  into  the  fermenting 
•*■■•  tun  at  a  temperature  varying  from  55**  tu  ^0**,  aceord* 

ii»g  to  the  qnantity,  the  season,  the  i^oodneit  of  the 
yeasti  and  the  ^kill  of  the  disttUer,  Here  it  ii  mtied 
suceetftively  with  considerable  portions  of  the  best yeht 
that  can  be  procured,  and  the  fermentation  is  urged  ft 
far  at  it  can  be  made  to  go.  The  propett  ]aa!s  akut 
ten  days,  and  the  temprraturc  rises  imwlly  to  betwetu 
m  i»o*  and  100^,  and  sometimes  even  higher,      Gritt 

quantities  of  carbonic  acid  are  disengaged,  and  theli* 
quid  becomes  specifically  lighter  i  sometimes  sioksfig  u 
I'OOO,  and  usuaUy  to  from  I'OOt  to  roo2-  The  suc- 
cess of  the  fermeniatiou  is  estimated  hy  this  loss  of  ^pf* 
ciGc  gravity. 


t  Thii  tt  the  nsmf  given  to  cbe  fermented  won  of  dintllcr^ 


WASH, 


tfi 


The  wash  thus  prepared  is  di stilled*     Wh»i  comes    C3i*p.  ly. 

over  first  is  denominated  i^Uf  whtit  ^^  ^*  cxmceatrated 

hj  a  second  distillatioD. 

Tbit  fermentalion  is  ofcviooslr  the  cemeqaenoe  of  Atwapin* 
i,    ,  .-       ^  '  .  ^      complete 

the  mctwxkoi  the  peculiar  fermem  to  jeast  upon  the 

•aochaiine  matter  of  the  wort.      Even   when   the  fer* 

nieotation  is  carried  to  its  greatest  extent,  it  does  not 

lippear  that  the  whole  solid  matter  held  in  solutioo  hf 

wort  is  decomposed.     Nine  trials  were  made  upon 

wort  of  pure  malt  j  in  all  of  them  the  feTmentation 

went  OP  prettj  successfully ,  as  maj  be  seen  from  the 

lioUowing  Table  : 


Specific  gnvitf 
of  the  woiL 


Specific  ^vtty 

iif  the  wath* 


1-040     1-0014 

1*056      10016 

1'050      I'OOO 

1-04U2    1*0012 

1-0465 1*0045 

1-045      .•,•„•**•••..,  1-0047 

1*0465 1-0007 

1-051    'ii*.l.«..V.'.....  1*0007 

1-0524 10004 

ben  a  portion  of  these  difTerent  liquids  was  evs* 
|iorated  to  dryness,  the  quantitj  of  solid  matter  which 
it  left  was  found  to  amount  to  f  th,  at  an  average,  of 
the  original  quantity.  Thus  ^^^  had  been  decom* 
posed  by  the  fermentation,  and  |ih  still  remained. 
Tliis  matter  was  still  capable  of  fermentation,  when  re- 
dissolved  m  water  and  mixed  with  fresh  yeast.  On 
comparing  the  quantity  of  alcohol  of  0-825,  obtained 
in  these  trials,  with  the  weight  of  solid  matter  of  the 
pialt  which  had  been  decomposed  by  the  fcrmeiUatioji, 
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the  icsoltiiArasy  that  erery  pomd  weight  of  solid  itzu 
ter^rto.dccomposedy  fornithcd  alsioit  eztetly  half  a 
poond  of  alcohol,  of  the  specific  gravitj  0*825. 

When  sogar,  dissdhred  '  in  four  times  its  weight  of 
water,  and  mixed  with  jeaH,  it  placed  iwthe  proper 
temperatnrey  it  ferments  precisely  aa  wcNrt  does,  lod 
yields  the  same  prodnets.  It  has  been  emjdoycdy  thifre. 
iorci,  by  chemists  asa  less  complicated  means  of  asoer* 
tuning  the  phenomena  of  iarmentation.  Tbenkrd  miz- 
ed  "OO  parts'  of  yeast  with  300  of  sugar,  apd  fermented 
them  in  the  temperature  of  50^.  In  fotir  erifire  diyi, 
he  informs  us,  that  all  the  saccharine  ^matter  hid  dis* 
appeared  *•  The  qnantity  of  carbonic  acid  evolved 
amounted,  by  weigh r,  to  Q4'6  parts.  It  was  perfecdj 
pure,  being  completely  absorbed  by  water  f.  The  fer- 
mented liquid,  being  distilled,  yielded  171*5  parts  of 
alcohol,  of  the  specific  gravity  *822.  When  the  res- 
due  of  the  distillation  was  evaporated,  12  parts  oft 
nauseous  acid  substance  were  obtained ;  and  40  parts  of 
the  yeast  still  remair:ed  ;  but,  upon  examination,  it  had 
lost  the  whole  of  its  azote.  This  experiment  gives  us 
the  following  quantities  : 

1.  Substances /ermented^ 

Sugar 300 

Yeast 60 


360 


a  There  It  feaaoii  to  daubt^he  precision  of  this  laeitibn,  ai  it  nerer 
kappfeBt  ii^  the  grrat  toile,  where  circry  thing  u  much  more  hmantk, 

i  The  very  pungeot  aromatic  odour  which  carbook  acid  liai  vbea 
disengaged  from  the  fennenting  tun,  thows  that  it  contains  a  portion  of 
the  waih ;  an3  thii  has  been  Tcrificd  by  actual  experiment. 


2.  Product f  0/ fgrmiuifiHon' 
Alcohol  of  •  ^22 , ^  •.•  %  *..  n  1 ' i> 
i^arboQic  acid  *.,^,**«     94*d 
Nauseous  residue^^  ^  #1^ »«  //  MH)«  •  j 

Lots » » #;■  ^^  o»«  mt(%  9C3it¥  »  U  41'i^  r 
be  loss  here  amounU  to  about  a  010 th  pa^t  of  tlie 
wboUf  and  must  either  be  ascribed:  to  waste,  or  to  the 
fonnatioii  of  water«  The  firirC  is  the  more  probably 
lUppofiitioo.  From  this  experiment^  we  learo  that  iOO 
parts  of  sugar,  supposing  the  yeast  not  to  furnish  any 
ifaiag^  would  yield) 

Alcohol «..  •  M'int  ^JSnn^ 

li          Carbonic  acid  «.«««.. «   $1*53 
;  Nauseous  residue 4*00 

Loss,.  •• 7*31 

Here  the  produce  of  alcoliol  is  greater  tbau  that  ob^ 
tained  from  wort  of  barley  ^  but  the  produce  of  car- 
bonic acid  is  somewhat  less.  The  welKknown  expe^ 
rhnent  of  Lavoisier  corresponds  pretty  well  with  the 
lesult  obtained  by  Thenard.  100  pouods  of  sugar  and 
10  of  yeast  yielded, 

Alcohol 5l'70 

Carbonic  acid.*,  ••»^**   a5'3i 
Residue »•;»  .^  ,     6*3d 

99-a3 

These  experiments  are  sufficient  to  ahow  us,  that  by 
far  the  greatest  part  of  llie  produce  is  obtained  from 


Chip.  IV. 


Book  IV. 


acidbetieF* 
ccmntf  for 
fcrmenu- 


FCJllCRMTATfOK. 

the  siigir.  The  yeait  nets  chiefly  bj  tfidocing  the  /k* 
composition  of  that  sub^Unee  }  but  m%  it  losei  its  axotCf 
end  tn  part  disappearsi  we  mcsst  mitow  tt  to  f aroaii  i 
portion  of  the  new  substances  formed. 

Seguin  has  ende«voarod  to  prove  that  the  eisentitt 
constilnent  of  yeast  h  not  gluten^  but  albumen.  It 
must  be  observed,  however*  that  the  natore  of  vcgt- 
tabic  albumen  is  by  no  means  well  deflned.  Fabroni 
fotmd  that  the  albumen  of  e^gs  does  not  act  ts  i  kt* 
ment.  It  is  clear  that  vegetable  albumen  differf  ei- 
ceedingly  from  animal  ;  and  I  have  no  doubt  thai  tin 
same  substance  has  been  described  by  Thcnard  tfid  S»*  i 
gum  under  different  names*  ^^| 

Fabront  found  that  the  gluten  of  wheat  acted  ht 
imperfectly  at  a  ferment ;  but  that  its  efltcucy  was  much 
improved  by  the  addition  of  tartar,  BerthoUet  tt*^ 
peated  these  eirpertments  luccessfuHy*  He  ascribn 
the  efficacy  of  tartar  to  the  property  which  it  has  of 
promoting  the  solubility  of  the  gluten.  The  prescact 
of  an  acid  was  supposed  formerly  to  be*  ttrccssary  for 
fermentation  ;  but  ibis  does  not  seem  to  be  the  caie.  h 
is  true,  indeed^  that  an  acid  usually  makes  its  ^ •"--". 
ancc  during  fermentation.  The  formation  of  tl 
has  been  ascribed  to  the  action  of  the  yeast  upon  tlic 
mucilaginous  or  starchy  parts  of  the  wort  r  but  frttm 
the  experiments  of  Fourcroy  and  Vauquelin,  it  tppetn 
that  it  always  makes  its  appearance  when  woft  is  frr* 
mented  without  any  yeast.  In  these  utals  they  ob* 
tained  only  vinegar,  and  no  alcohol.  When  the  wort, 
either  of  raw  grain  or  of  malt^  is  fermented  at  the 
temperature  of  SO*',  without  any  yeasr,  tlic  gai  t 
comes  over  consi:>ts  of  one-half  carbonic  icid  aod 


idUfdmgtP  I  bat  ai  a  lower  temperature  pure  malt-     n*<y>IV*^ 
Knrt  does  not  jield  any  ioflaminable  ga&  *. 

—        IIL  Wms. 


er«>  ua  considerable  niiiDbti  of  ripe  firuicsfjrom 
Dli  a  sweet  liquor  may  be  expressed,  hairing  at  the 
ame  time  a  certain  degree  of  Mcidity.      Of  such  fruits    Pniittil- 
h  c  have  m  this  country  the  apple,  the  cherry,  the  gooM-   wtne. 

EPt  the  currant,  &.c,  but  by  far  the  moit  valuabk  of 
fruits  is  the  grafif,  vvKich  grows  luxuriantly  iu  the 
erti  parts  of  Europe.  From  grapes*  fully  ripe^  may 
te  expressed  a  liquid  of  a  sweci  taste,  to  ivbich  the 
acne  oi  mujt  has  hetn  given.  This  liquid  is  com po led  ^^'^ 
Ifuoft  entirely  of  6ve  ingredients  s  namely^  water,  ju^ 
^9  jtUy^  gluten^  and  /^i/^rsr  acid  partly  saturated 
pota&h.  The  quantity  of  sugar  which  grapes  fully 
contain  b  very  considerable  ;  it  may  be  obtained  in 
^'»ials  by  evaporating  must  to  the  consistence  of  sy- 
•rpfiraiing  the  tartar  which  pracipitates  during 
evaporation,  and  then  setting  the  must  aside  for 
cuoaihsk.  The  crystals  of  sugar  art  gradually  form- 
From  a  French  pint  of  must,  the  Maiquis  de 
liion  cjtiracied  halt  an  ounce  (Frenclt)  of  su^rir,  and 
Aunce  of  lar tar  X-  According  to  Proust,  the  Musca- 
[grape  contains &boul  l^ptr  ant.  of  a  peculiar  spc- 
E»f  sugar  ^. 

I  must  is  put  into  the  ten>perature  of  about  70^,  Un<lei^<»?« 
ffcrent  ingredients  begin  to  act  upon  each  other,  fcHnSuT 
hat  is  called  t'i/7«uiy>r!:flr#;7/afi'off  commences.  The   ^^' 
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pltenoACfia  of  lhi»  fcnnenution  are  an  iutestl&e  oustkn 
io  ili<  *  '  .  it  becomes  thick  and  muddy,  its  tempe- 
rature cSf  and  carbonic  acid  g;is  is  cvolvod.  h 
short,  the  very  same:  oUaagcs  lake  place  as  have  been 
remarked  when  dctcnbing  ihe  ferni  ot  ate,  la 
a  few  daya  the  fcrmetuation  ccase^^  .:.^  ....^k  part  tub. 
sides  to  il)c  bottom,  or  rises  to  the  surface,  tJ»e  li^^id 
becomes  clear,  it  has  lost  its  nccharine  taste,  and  ams* 
mud  a  new  one  i  its  specific  gra  Ifmiaiilied  t  ^ 
h  h;is  become  ihe  liquid  well  k             udar  the  nameof 

As  this  £ermentAiion  takes  place  without  adding  as? 
ftrmm$^  it  is  obvious  that  the  requisite  substaooe  u  pf»* 
5cnt  io  the  juice.      Tliis  substance  was  srpsraiei^  and 
Xouod  by  Fabroni  to  bo  analogous  to  the  glQm  d 
plants ;  and  gluten  being  substituted  for  it,  the  fermeat* 
ation  succeeded*     Fabroni  has  shown  that  the  aacdls. 
fine  part  of  must  rcsidts  in  the  cells  of  the  gra]KSi 
while  the  gluiiaoua  matter,  of  ferment,  isbdged  on  the 
membranes  that  separaie  the  cells*      Hence  it  Mkaii^ 
ihiit  in  the  fiuit  these  two  substances  ore  oot  in 
U  IS  only  after  the  juice  is  squecxed  out  that 
ini;^cd.     Ml  other  juices  which  uod^go  a  apooi 
fertnentatiou  at  the  requisite  tempcntura,  have 
shown  by  Theuard  and  Seguln  to  conuio  a  sJinilar  tub^ 
stance*     The  formaiion  of  wtne,  then,  ia  owing  ta^ 
action  of  this  glutinous  matter  un  the  saoeltarm  nk 
stance  of  ihc  juice,  precisely  rs  happens  in  the  ftrmeut 
atioa  of  aie. 

All  those  juices  of  fruits  which   undergo  the 
fermentation,  either  wjtli  or  without  the  :^  '^  ' 
sugar,  contain  an  acid.     We  have  seen  ah 
First  Chapter,  that  the  vegetable  acids  are  obtained  dud* 
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fruits.     The  apple,  for  idstancei  contains  ma- 

I  the  lemon,  citric  acid  j  the  grape,  tartaric  and 

lids.     The  Marquis  de  Bullion  has  ascertained 

(t  will  not  icrmeot  if  all  the  tartar  which  it  con- 

^aeparared  from  It  j  but  it  ferments  perfectly 

^storing  that  salt  *•     The  same  chemist  ascrr^ 

at  the  strength  of  twine  H  considerably  increa* 

idding  tartar  and  sugar  taihe  mustf.    We  may 

from  these  facts*  that  the  presctice  o£  a  vege. 

id  is  of  importance  in  these  spontaneous  fermeii. 

it  deaerves   atttntion,   that   Bullion   obtained 

tar  from  verjuice  (ban  from  wine  f  and  he  ob« 

^at  the  more  the  proportion  of  sugar  in  grapef 

I,  the  more  that  of  tartar  diminished  J* 

IS  more  than  probable^  from  the  experiments 

n  and  Chaptal^  that  the  tartaric  acid  is  partly 

led  during  the   fermentation^  and  that  a  por^ 

ilic  acid  is  formed.    The  process,  therefore,  is 

kpUcated  than  was  suspected  bj  Lavoisiier.     It 

isly  analogous  to  cotnbustion^   as  is  evident 

e\^lution  of  caloric  and  the  formation  of  car- 

jy  which  is  a  product  of  combustion.     Proust 

fiatned  that^  during  the  fermentation,  not  only 

acid,  but  aiLotic  gas  also,  is  disengaged.     This 

mslration,  that  all  the  constituents  of  must  are 

I }  for  sugar  does  not  contain  that  principle  {» 

could  detect  no  arote  in  the  carbonic  acid  from 

the  fermentation  has  ceased,  the  lL(juor  is  put 
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5<t  kTV.  into  caski,  where  fhe  wmmiaia  ol  the  ngtr  u  dtm 
compoicd  hj  a  slow  fcnMBtttioii ;  after  which  the 
wibe,  decaatcd  off  the  txtrmtdwi^  matter,  is  pat  vp  n 
bociies. 

CocBDrrxc:        The  properties  of  wine  differ  Tttj  much  from  ock 

F^^  ether,  acoordicg  to  the  nature  ci  the  grqiet  from  wUck 
the  most  was  extracted,  and  according  to  the  maomrii 
which  the  process  wm  oondncted.  Theia 
are  too  well  known  to  require  a  particular 
But  all  wines  contain  leas  or  more  of  the  fbUowifif  iii 
gredients ;  not  to  mention  water,  whieh  oonatitUteta  my 
great  proportion  of  every  wine. 

An  acid,  i,  An  acid. — ^All  wines  give  a  red  ootour  to  jKftL 

stained  with  tnmsole,  and  of  course  contain  an  mi 
Chaptal  has  asceruined  that  the  add  fmrnd  m  gicM 
ahundance  in  wine  is  the  malic,  but  he  fiiimdl  Mm 
also  of  citric  add  ;  and  it  is  probaUe  that  winnisapv 
entirely  destitute  of  tartar.  All  wines  whick  Mt  1 
property  of  frothing  when  poured  into  a  glam  i 
also  carbonic  acid,  to  which  they  owe  their  I 
This  is  the  case  with  champagne.  These 
usually  weak  ;  their  fermentation  proceeds  slonijf^i 
they  are  put  up  in  close  vessels  befone  it  be  over* 
they  retain  the  last  portions  of  carbonic  acid  thiti 
been  evolved. 

Alcohol,  2.  ^/fo&>/.— All  wine  contains  less  or  mmeof  i 

principle,  to  which  it  is  indebted  for  its  strrngth }  I 
in  what  particular  state  of  combination  it  exists  iai 
cannot  easily  be  ascertained.      It  is  nndoubtedif  i 
matcly  combined  with  the  other  component  pirtil 
wine  ;  as  Fabroni  has  shown  that  it  cannot  be  \ 
ted  by  saturating  the  wine  with  dry  carbonate  of] 
ash,  though  a  very  small  portion  of  alcohol^  addedlj 
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pMi  to  wine^  maj  be  easi] j  separated  bjr  means  of 
fc  Jdt.  But  if  alcohol  sepantes  along  with  the  car^ 
lie  acid  during  the  fermentation,  we  can  scarcely 
ibt  that  it  has  been  formed.  When  wine  is  distilled^ 
alcohol  readily  separates.  The  disttUation  h  tisn- 
'  continued  as  long  as  the  liquid  which  comes  over 
nflammable.  The  quantity  obtained  varies  accord* 
to  ibt  wine,  from  a  fourth  to  a  fourteenth  part  of 
wine  distilled.  The  spirit  thus  obtained  is  well 
)wn  under  the  name  of  hrandy^  Bullion  has  ob- 
redf  that  when  wine  is  distilled  new  it  yields  more 
pbiil  than  if  it  be  allowed  to  gel  old  *,  What  tcr 
bi  after  thia  distillation  is  distinguished  in  France 
the  name  of  vinasse.  It  consists  of  tartar,  &c.  and 
m  evaporated  to  dryness,  and  subjected  to  combus- 
I,  yields  potash. 

I.    Extractive   matter. — This   matter   exists   in  all    Eftricr, 
les:  but  its  proportion  diminishes  according  to  the 
of  the  wine,  as  it  gradually  precipitates  to  the  bot- 


i.  Every  wine  is  distinguished  by  a  peculiar  flavour    Oil, 
I  odour,  which  probably  depends  upon  the  presence 
1  voiatilt  oilt  so  small  in  quantity  that  it  cannot  be 
arated. 

I.  The  colouring  matter  of  wine  is  originally  con-    ^j^jid colour- 
►cd  in  the  husk  of  the  grape,  and  is  not  dissolved  till    "'^  »n»ner. 
akobol  be  developed.     This  matter  is  analogous  to 
ether  colouring  matters  of  plants :  a  set  of  bodies 
ed  of  remarkable  properties,  but  too  little  exa» 
hitherto  to  be  introduced  with  much  advantage 
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00 
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2 
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00 
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2 
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^1 
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1      2 

00 
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2 
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^1 
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3      0 

00 

3      4      00 

2      0      CO 

2 

3     4  00 

^^^1 

r 

3      0 

00 

6      0      00 
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2 

0      6   00 

^^^1 
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I      2 

00 

2      4      no 

9      4      00 

1 

10      5   00 

^^^H 
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3      0 

00 

d      4      00 

i      6      CJO 

2 

0      0   00 

^^^1 

Ar 

2      2 

00 

4      3      00 

5      0      00 

2 

0      3   00, 

V 

Hred 

1      4 

00 

1      2      00 

0      4      00 

2 

8      6   00 

^H 
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I      6 

00 

0      4      40 

0      2      20  2 

0      3    £0 

^^B 

Ht 

2      0 

00  0      7      OU 

0      3      00^2 

7      0   00 

■ 
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or  TUZ  ACfiTOUS  FEIMEKTATIOHS* 

J  r  wine  or  beer  be  kept  in  a  temperature  betweto  tf^ 
and  90^,  it  gradually  becomes  thick,  its  tempcrd^H 
augments,  filaments  aie  seen  moving  through  tl  in  ete 
rj  direction,  and  a  kind  of  hissing  noise  m*j  be  dlsUn 
guished.  These  intestine  motions  graduftlly  disappeir, 
the  filaments  attach  themselves  to  the  sides  and  bottom 
of  the  vessel,  and  the  liquor  becomes  transparefit* 
it  has  now  lo^t  its  farmer  properties,  and  is  conttrted 
into  acetous  acid.  This  intestine  decompoaitioo 
been  long  distinguished  hy  the  name  of  acticmfm 
tat  ion,  because  its  product  is  a^^fiV  acid,  'That  thttfaw 
mention  may  take  place,  certain  conditions  muiit  be 
attended  to.  The  most  important  of  these  will  appcir 
from  the  following  observations : 

1,  Neither  pure  alcohol,  nor  alcohol  diluted  with 
water,  is  susceptible  of  this  change.  The  weaker  thi 
wine  or  the  beer  is  on  which  the  esepcriment  is  tnaie^ 
the  more  readily  is  it  converted  into  vinegar:  tlie fttraD| 
cr  they  arc  they  resist  the  change  with  the  greater  A* 
stinacy.  But  it  results  J 
clier,  that  strong  wines,  ^ 
the  acetous  fermentaii( 
stronger  vinegar  than  w 


otP'though  of  itself  it  refuses  to  undergo  the 
I^Cy  jret  when  other  bodies  are  present  v^lnch  read!. 
Eernkeiity  is  decomposed  dLiring  the  process,  and  con- 
mtes  to  the  formation  of  the  acetic  acid» 
e^  Winc^  entirely  deprived  of  glutinous  matter  tu  Ghuntmn 
r  bj  spontaneous  deposition  or  by  clarification,  docst  cti»ry 
undergo  the  acetous  fermentation^  unless  soi^e  mu* 
ginous  matter  be  mixed  with  it.     Chaptal  exposed 
Wtne  destitute  of  this  matter.  In  open  bottles,  to  the 
itest  summer  heat  of  Montpelier  for  40  dajs,  and 
it  did  Dot  become  sour :  but  upon  adding  some  vine 

ro  the  same  wine,  it  became  acid  in  a  fe^ days*. 
the  water  in  which  gluten  of  wheat  ba»  been 
wed  to  ferment  is  mixed  with  sugar,  the  liquid  is 
rerted  into  vinegar  without  fermentaiiou,  without 
rvcsceace,  and  without  the  contact  of  airf.     The 

(pi  this  curious  change  has  not  been  explained*. 
ITitie  never  becomes  sour,  provided  it  be  com* 
I  deprived  of  aU  access  to  atmospheric  air*  The 
is,  that  daring  the  acetous  fermentation  the  oxy- 
^f  the  atmosphere  is  partly  converted  into  carbonic 
H  It  was  supposed  to  hare  been  absorbed ;  but  the 
^ppcrtments  of  Saussurc  have  shown  that  this  is 
Pp  case.  He  found,  that  when  wine  was  convert- 
ialo  vinegar  in  a  given  portion  of  air,  the  bulk  was 
ducuaished  ;  the  quantity  of  carbonic  acid  just  com*- 
isating  the  oxygen  ^vhich  had  disappeared,  except.. 
to  as  far  as  that  carbonic  acid  was  absorbed  by  the 
ud*     The  quantity  of  carbonic  acid  formed  during 
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Book  IV.  this  coover»ion  of  wine  into  Tinegar  does  not  teem  tq 
be  great ;  amounting^  in  Sausture^s  trials,  to  aboottwtc^ 
the  balk  of  the  wine  Y.  Hence  the  reason  that  wioe 
or  beer  is  apt  to  become  sour  after  the  cork  has  been 
drawn,  and  still  more  apt  when  part  has  been  poottd 
out  of  the  bottle. 
A  certain  4.  A  prettj  high  temperature  is  neceasacj  for  the 

ture  rcqui^  commencement  of  the  acetous  fermentation.  Wioe  oc 
beer  (unless  very  weak)  scarcely  beconnes  sour  nader 
the  temperature  of  05"  or  70^.  The  fermentatioii  ii 
verj  apt  to  commence  when  the  tempermtnre  anddealj 
rises.  It  is  said,  too,  that  wine  and  beer  are  more  spt 
to  become  sour  at  certain  seasons  of  the  jear  thsa  st 
others. 

The  vinegar-makers  in  this  country  keep  their  trssh 
in  stoves,  heated  to  about  the  temperature  of  IKI^,  till 
the  change  is  completed.     From  the  experiflMnis  of 
I*'ourcro7  and  Vauquelin,  it  appears  that  vinegar 
from  grain  holds  in  solution  a  quantity  of  glnla 
that  a  great  part  of  it  is  separated  by  heating  the 
gar  boiling  hot.     This  separation  prevents  the 
from  being  so  apt  to  spoil, 
pffectiof  5,  When  the  acetous  fermentation  is  completed,  the 

ucioo.  whole  of  the  malic  acid  originally  contained  in  the  wine 

has  disappeared  as  well  as  the  alcohol.  We  must  coo* 
elude,  therefore,  that  they  have  been  both  coDvertd 
into  acetic  acid.  Part  of  the  glutinous  matter  has  also 
undergone  the  same  change,  and  seems  indeed  to  hire 
been  the  substance  that  first  began  the  change.  Pirtof 
it  is  deposited  in  the  state  of  flakes  ;  part  remiioi  in 
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»oltitioDt  and  disposes  the  vinegar  to  decomposition,    CKap.  TIF, 
Vinegar  also  contains  a  little  tartar,  and  probablj  also 
citric  acid.     Malic  acid  is  also  found  in  new  vinegar ;  a 
proof  that  this  part  of  the  wine  is  the  last  to  undergo 
the  acetoas  fcrnientation. 

6.  From  the  late  experitDents  of  Cadet  it  appears, 
that  sugar  is  the  essential  constituent  in  liquors  to  be 
converted  into  vinegar,  and  that  the  quantity  of  vinegar 
formed  is  proportional  lo  ihe  sugar.  But  if  the  sugar 
exceed  an  eighth  part  of  the  liquid,  the  whole  is  not 
decomposed^  7  water,  1  sugar,  and  some  yeast,  fer- 
ment in  a  proper  temperature,  and  form  an  excellent 
vinegar  ** 

7.  Acetic  acid  is  formed  in  many  other  cases  of  the  Acttic  add 
decomposition  of  vegetables  besides  the  acetous  ferment-  <!JherprcH 
ation.  These  have  been  pointed  out  with  much  ingc-  *^*^**«*- 
niiity  by  Vauquelin  and  Fourcroy.  They  may  be  re- 
duced under  three  heads*  Fir  si  ^  When  sugar,  gum,  tar- 
tar, wood,  &cc»  arc  distilled  in  a  retort,  or  even  burnt  in 
the  open  fire,  acetic  acid  separates  in  combination  with 
sfi  cmpyreumatic  oil,  which  gives  it  a  peculiar  odour. 
Hence  it  was  mistaken  for  other  acids,  and  distinguish- 
ed by  the  names  of  pyrofiwcouf^  pyroHgnous^  pyrotar^ 
iarous  aadsf  till  its  real  name  was  ascertained  by  these 
distinguished  chemists  t-  Secondly^  When  concentrated 
sulphuric  acid  is  poured  upon  the  same  vegetable  bodies^ 
lliey  are  decomposed  in  a  very  different  manner  v  being 
converted  into  water,  charcoal,  and  acetic  acid.  Thirds 
fyf  Acetic  acid  is  evolved  in  considerable  quantity  du- 
ring the  spontaneous  decomposition  of  urine  and  some 
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All  vegetable  substances,  both  complete  plwii  tti 
their  component  parts  separately,  when  Icfi  eaii&Iy  to 
themiclves,  art  gradually  decomposed  and  dcatvojrad^ 
provided  moisture  be  prcscfnt,  and  the  teaiper^tiife  H 
not  much  under  45^,  nor  too  high  to  evaporate  audjiii* 
ly  all  the  moisture*  This  decomposition  has  obtiijuid 
the  name  oi  puirf/actien. 

It  proceeds  with  most  rapidity  in  the  open  sir ;  bot 
the  contact  of  air  is  not  absolutely  necessary.  Witer 
is  in  all  cases  essential  to  the  process^  and  tbereCiirt  ii 
most  probably  decomposed* 

Putrefaction  is  constantly  attended  with  a  fetid  odour, 
owing  to  the  emission  of  certain  gaseous  matters^  whicb 
diFer  according  to  the  putrefying  substance^  Some  vs* 
^tablc  substances,  as  gluten  and  cruciform  plants,  emit 
ammonia  I  others,  as  onions,  seem  to  emtl  phosphurrtej 
bydrogen  gas.  Carbonic  acid  gas  and  hydcogeo  ph 
impregnated  with  unknown  vegetable  matters,  are 
most  constantly  emitted  in  abundance*  From  the  a 
periments  of  Saussure,  we  leam^  that  when  moist  wo 
is  left  exposed  to  the  air,  a  portion  of  the  oxygen  of  tb 
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phere  is  converted  into  carbonic  acid ;  for  th«  Chip*  IV, 
ititj  of  this  acid  formed  is  just  equal  to  the  bulk 
oxjgen  which  disappears.  When  the  experi- 
t  is  made  under  receivers,  no  other  gas  can  be  de<* 
except  carbonic  acid ;  but  in  the  open  air  the 
loses  SI  much  greater  proportion  of  its  weight 
El  can  be  accounted  for  by  the  carbon  thus  abstract- 
This  he  ascribes  to  the  escape  of  oxygen  and  hy- 
gen  under  the  form  of  water*  Hence  the  quantity 
:arbon  in  a  given  weight  of  rotten  wood  is  greater 
1  in  the  same  weight  of  fresh  ;  but  when  the  putre- 
ion  goes  on  in  water  without  the  contact  of  air*  the 
>d  becomes  white  and  light,  and  contains  a  smaller 
portion  of  carbon  than  when  fresh  *.  The  nature 
,  constituents  of  vegetable  mould,  as  far  as  knawn^ 
^been  detailed  in  the  preceding  Chapter*  Our  cbc- 
knowledge  of  vegetable  compounds  is  still  by  far 
lited  to  enable  us  to  ioUow  this  very  complicated 
IS  of  putrefaction  with  any  chance  of  success. 
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When  we  compare  animals  and  vegetables  togetber, 
each  in  their  most  perfect  state,  nothing  cao  be  etster 
that  to  distinguish  chem.  The  plant  is  confined  lot 
particular  spot,  and  exhibits  no  mark  of  conscioosoett 
or  intelligence ;  the  animal,  on  the  contrary,  caorcmofe 
at  pleasure  from  one  place  to  another,  is  possessed  of 
consciousness,  and  a  high  degree  of  intelligence.  Bat 
on  approaching  the  contiguous  extremities  of  the  animil 
and  vegetable  kingdom,  these  striking  differences  gra- 
dually disappear,  the  objects  acquire  a  greater  degree  of 
resemblance,  and  at  last  approach  each  other  so  nearly, 
that  it  is  scarce!  J  possible  to  decide  whether  some  of 
those  species  which  are  situated  on  the  very  boundaij 
belong  to  the  animal  or  vegetable  kingdom. 
ICot  tmltf  To  draw  a  line  of  distinction,  then,  between  animals 
2|^^^  and  vegetables,  would  be  a  very  diffic*ilt  task:  but  it  if 
not  necessary  at  present  to  attempt  it ;  for  almost  the 
only  animals  whose  bodies  have  been  hitherto  examined 
^ith  any  degree  of  chemical  accuracy,  belong  to  the 


:  classes^  and  conseqaently  are  in  no  danger 
)f  being  confounded  with  plants.  Indeed^  ihe  greater 
number  of  facts  which  I  have  to  relate  applj  only  to 
Lbe  human  body,  and  to  those  of  a  few  domestic  ani- 
EDals*  The  task  of  analysing  all  animal  bodies  is  im- 
mente,  and  must  be  the  work  of  ages  of  indefatigable 
indostry. 

This  part  of  the  subject  naturally  divides  itself  into 
Four  Chapters.  In  the  First  Chapter,  I  shall  give  an  ac- 
Dount  of  the  different  ingredients  hitherto  found  in  ani*- 
malsy  such  of  them  at  least  as  have  been  examined  with 
any  degree  of  accuracy  :  in  the  Second,  I  shall  treat  of 
the  different  members  of  which  animal  bodies  are  com- 
posed \  which  must  consist  each  of  various  combina- 
tions of  the  ingredients  described  in  the  First  Chapter  : 
to  Ihe  Thirds  I  shall  treat  of  those  animal  functions 
which  may  be  elucidated  by  chemistry :  and,  in  the 
Foftrth,  of  the  changes  which  animal  bodies  undergo 
after  death. 
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ifSM^Sf  be  washed  repeatedly  in  cold  water  till  the    ^  Chap,  i,^ 

quid  ceases  to  be  coloured,  ot  to  abstract  any  thing  ; 

fthe  skiOf  thus  put  ified,  be  put  ioto  a  quantity  of  pure 

Wter^  and  boiled  for  some  time»  part  of  it  will  be  dis- 

ttired.    Let  the  decoction  be  slowly  evaporated  till  it  is 

idiiced  to  a  small  quantity,  and  then  put  aside  to  cool. 

(Then  cold|  it  will  be  found  to  have  assumed  a  solid 

»»»  and  to  resemble  precisely  that  tremulous  sub- 

tance  well   known  to  every   body   under  the  name  of 

eify.    This  is  the  substance  called  in  chemistry  gt^latme* 

F  the  evaporation  be  still  farther  continued,  by  expo- 

ing  the  jelly  to  dry  air,  it  becomes  hard,  semitranspa* 

cut,  breaks  with  a  glassy  fracture,  and  is  in  short  the 

libstance  so  much  employed  in  different  arts  under  the 

■(e  of  Igfui*      Gelatine,  then,  is  precisely  the  same 

mi  ginc  ;  only  that  it  must  be  supposed  always  free 

irofD  those  impurities  with  which  glue  is  so  often  con- 

italtiiated. 

2#  Gelatine  is  semitransparcnt  and  colourless  when   ^''PC'*^^' 
pure,  lis  consistency  and  haedness  vary  considerably, 
rhe  best  kinds  are  very  hard,  brittle,  and  break  with 
s  glassy  fracture.      Its  taste  is  insipid,  and  it  has  no 
miell. 

When  thrown  into  water  it  swells  very  much,  but 
loes  liot  riadily  dissolve ;  and  when  taken  out,  it  is 
att  and  gelatinous  *,  but  when  allowed  to  dry,  it  re- 
rs  its  former  appearance.  If  it  be  put  in  this  ge- 
[>us  stale  into  warm  water,  it  very  soon  dissolves, 
forms  a  solution  of  an  opal  colour,  and  the  more 
|tt6  according  to  the  quantity  of  gelatine  which  ft 
Ins.  Tremulous  gelatine  dissolves  in  a  very  small 
^of  hot  water  ;  but  a$  the  solution  cools,  it  gela* 
fresh.      Ifthif  solution,  as  soon  as  it  assumes 
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lie  acid  dissolves  glue  with  great  ease.  The  ^  Chaf .  T.  ^ 
it  of  a  brown  colour,  and  still  continues  ftrong- 
It  gradually  kts  fall  a  white  powder*  This 
precipitates  tan  in  great  abundance  from  wa- 
Ipd  m^y  be  employed  with  advantage  to  detect 
pen  an  alkali  conceals  tt.  Stilphuric  acid  acta 
ore  slowly.  The  solution  is  brown,  and  gra- 
^deepens  \  sulphurous  acid  is  exhaled  during  the 
I  sulphuric  acid  on  glue*  Neither  sulphuric 
iriartc  acid  occasion  any  change  in  the  solution 
in  water* 
a  currenl  oF  oxymuriattc  actd  gas  is  passed 
a  solution  of  gelatine  in  water^  a  white  solid 
collects  on  the  surface,  and  whitish  i^Iaments 
rough  the  liquid.  This  solid  matter^  when  se« 
by  the  filter  ahd  purified,  possesses  the  follow- 
I  6peftie9 :  Its  colout  is  white  ;  it  is  specifically 
I  i  Ihati  water  5  it  has  little  or  no  taste  ;  when  dried 
bpen  atr  it  falls  to  powdtt^  it  is  not  soluble  in 
^  water;  it  dissolves  in  hot  nitric  and  acetic  acids, 
l!cipttftles  again  as  the  soltition  cools;  when  Iri- 
[  with  potash  it  emits  the  smell  of  ammonia  5  it 
bt  affect  vegetable  blues  *.  Bouillon  La  Grange, 
ksi  We  afe  indebted  for  these  facts,  has  given  the 
|e  thus  altered  the  name  of  oxygenized  gelatine. 
kaliet  dissolve  gelatine  with  facility,  especially  Ofilkilfcf 
pssistcd  by  heat  j  but  the  solution  does  not  pos-^ 
|c  properties  of  soap* 

lie  of  the  earths  seem  to  combine  with  gelatine  } 
k  they  dii  not  precipitate  it  from  its  solution  in 
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or  the  me- 
tallic Of 


The  following  Table  ezhiblft  the  effect  of dif. 
ferent  e&rthy  solutions  when  mixed  trith'a'jttttty  con. 
centrated  solution  of  common  glue« 


SUBSTANCES. 

■rrECTs. 

Lime  water 
Stroiuian  water 
Barytcs  water 

Muriate  of  barytea 
Silicated  potash 
Al'imiiiated  potash 
Oxalate  of  ammonia 
PhnsphHte  of  soda 

No  change 
No  change 

Became  milky,  frcdpitiiw 
dissolved  by  acetic  fedd 
1  he  same  ea  the  last 
No  change 
No  change 
Became  milky 
B^clme  slightly  milky 

The  milkiness  produced  by.some  of  these 

not  owing  to  their  effect  upon  the  gelatine^  bnt  qn 

the  lime  and  the  sulphuric  acid  which  it  cootttned. 

The  metals  in  their  pure  state  have  no  eflfaot  ofH 
gelatine  ;  but  several  of  the  metallic  ooddc^  whaa^ 
tated  in  a  solution  of  gelatine,  have  the  property  of  db^ 
pri ving  the  water  of  the  greatest  part  of  that  body,  wi 
which  they  form  an  insoluble  compound*  ScfOilflf 
the  metallic  salts  likewise  precipitate  gelatine  froav^ 
tcr.  The  following  Tabic  exhibits  the  resolt  of  ait  §A 
ing  various  metallic  salts  with  a  concentrated 
of  gelatine,  as  far  as  my  experiments  bave  gone 


S 


lol^  Silver 


riateofmercirry 
f  9^h..  of  inera 


II 


mercury 


ite  of  copper 
,  of  copper 
»hate  of  cppper 
^df  ammonia 


^  of  iroa  f 

Roliroql 
f  irbn 


^riate  of  tia  J 
tate  of  tin 


B^come^  .Uightly  aulky 


•  pimte 

A  copious  white  precipitate 
No  chaoge 
Crysr.  btcoroe  jellaWt  «^l>ite 
6akcs  appear^  and  the  li- 
quid bccoiDcs  transparent 
No  change 


No  change 
Becomes  milky 
No  change 
No  change 


A   few   yeJloii^  flaltje*  appear 
Becomes  >iightly    milky,    as 

when  alcohol  is  added 
Assumes  a  pink  colour 
Becomes  green 


No  change 

Becomes  slowly  milky 


|u>dc,  in  ht«  exccUcot  paper  o&  anitnat  |}uli3«,  kforfiifl  u«,  thit 
ftme  pare  of  »»irtgU«»  ok  loo  piruol  water  is  uat  a^ccccd 
^  vtmSQitrj*  Tbc  r«iuk  of  my  ei^arinuJits  with  cun)- 
irai  difljcreut ;  pfobablf  owing  to  the  impurity  of  that  sub- 
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En  the  Kt&cc  of  ciysttlf  hiiire, 
lofiLcid 
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METALLIC  SOLUTIONS. 

EJF£CTi» 

Nitrate  of  lead 
Acetate  of  lead 
Plumbate  of  potash 
Plumbate  of  lime 

No  change 

Mtirkce  of  ztnc 

No  chaoge 

Murfaie  of  antimonjr 
Tartar  emetic 

A  copious  Hakj  predpiaii 
No  change 

Nitrate  of  bismuth  pre* 
cipi table  bj  water 

Ditto  not  precipitablebj 
water 

Becomes  milky 

No  change                         ■ 

Muriate  of  arsenic 

No  cbauge                            ] 

Of  al^bol. 


OfUnniu. 


Gelatine  is  insoluble  in  alcohot*.  Wlien  ilcolMlii 
mixed  wiih  a  solution  of  geladne,  the  mixture  bccomci 
miJkj  i  but  becoitLes  again  transparent  when  agilild^ 
unleu  the  solution  be  concentrated,  and  the  quajititf  tf 
alcohol  considerable.  Gelatine  is  must  probabljreool* 
\y  insoluble  in  ether  j  though  I  believe  tlic  etperisctt 
has  not  been  tried. 

When  the  solution  of  tannin  is  dropt  into  gelatifH^  a 
copious  white   precipitate  appears,  which   soiNi  ibiafi 
an    elastic  adhesive  mass  not  unlike  vegetable  gltuet.  I 
Thia  precipitate  is  composed  of  gelatine  snd  tioiiio  i  tf  j 
soon  dries  in  the  open  atr^  and  forms  a  brittle  rtiiiio 
like  substance,  insoluble  in  water,  capable  of  reiiirai 
the  greater  number  of  chemical  agents,  and  not  i 
tible  of  putrefaction*     It  resembles  exactly  over 
leather.     The  precipitate  is  soluble  in  the  solution 
gelatine,  as  Mr  Davy  first  observed.      Neither  ii  I 
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thrown  down,  unless  the  solutions  both  of 
gelatine  be  somewhat  concentrated*  Trcmu- 
tine,  as  was  fir&t  observed  by  the  same  chemist , 
recipitate  tannin  ;  but  if  we  employ  ti  solu* 
^Uttne  so  strong  that  it  geUunizes  whtm  cold, 
d  tiU  it  becomes  qalie  Hqurd,  it  unswers  best 
throwing  down  tannin*  It  is  by  this  property 
Ig  a  white  precipitate  with  tnnnin  that  gelatine 
detected  in  animal  fluids*.  It  is  not,  however, 
ty  decisive  test ,  as  aihumtn  is  also  thrown 
tannin.  Dr  fiostock  has  pointed  out  a  very 
method  of  detecting  and  ascertaining  the  quan- 
latine  contained  in  an  animal  iiuid>  If  oxy^ 
f  mercury  produce  no  precipitate,  we  may  be 
the  absence  of  albumen*  Then  the  infusion 
rang  mUed  with  the  liquid^  in  such  a  proper. 
iKe  filtered  liquid  will  neither  precipitate  infu- 
lUs,  or  the  animal  liquid  under  catannnation,  a 
e  falls,  composed  of  about  two  parts  tanum 
parts  gelatine*  Hence  this  precipitate  dried 
tk  bath,  and  multiplied  by  0*G,  gives  us  the 
'^elatioe  in  the  liquid  examined  very  nearly  ^u 
le  does  not,  properly  speaking,  combine  with 
It  renders  them  miscible  with  water,  and  forms 
ieiputsion. 

the  effects  of  diiFerent  reagents  ^  geUtiac^ 


cha^  I, 


the  decompoiition  which  it  undergoes  when  ^^^ 


CompoM* 


«  NtcholtonV  Jtur*  xiv.  144.     from  the  latter  ex^^erinienU 
Ek,  it  appcarfr  th^x  the  con)[>ound  \*\  taimiTi  and  gcUtii^  ditf'er^ 
on  of  its  coDftituents  according  to  circuRistaiKci.     tc  do^s 
forcith  us  with  1  method  fif  defecting  the  i^uantily  of  ^^' 
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hcjited^^c  settf^t  it  co«i€«liis  emboli,  hydrogco.  HMe, 
and  ox^gen^  But  what  ih€  propohion  of  thcap  coo^ 
stittbctiU  are^  cannot  be  emiy  osocruioed*  The  phoi* 
phate  of  lithCy  ^nd  lUc  triiccs  of  soda,  vihUU  h  alrt^ 
yields,  are  foost  likely  only  held  ia.ialaboa  by  it. 

5.  Gelsttne,  like  nil  other  conttitncnts  of  anifnit  bo* 
diC9,  it  tmsce^ctble  of  num  of  vumtiani  m 

its  proper tiet^  mid  oi  coui.^  ..  ^. ..  -jIc  mx^  wa^'miA 
Tiite  nombcr  of  tpecio*  SeireTal  of  these  hm^  hetn 
long  luiomt' and  tnanufactiind  for  differefil  patposa: 
and  nriaoy  curious  Tarietie!^  hmf^  bern  pointed  out  If 
H^tchett  in  his  adinirjible  Disjenrtopa  on  SheH,  Boac^ 
and  Zodphytcs^  published  in  the  Philosophic^  TfiMa^ 
lions  for  it<)7  and  laot)*  TM  most  icaisoftaiit  sptdn 
arc  the  following ; 

I.  Gfy^,   This  uelUknowfi  $itbtT#n«e  has  been  1ai| 
mannfncturcd  in  most  eotintriefp  aad  emploryvd  Bdcn 
ment  pieces  of  wood  together.     It  '  by  wi* 

ter  from  animal  substances^  and  ui...  .        ..-^iBiliiiii 

aceordtng  to  the  substkince^  etnployiNl«  B^^me%  «MMdh% 
ieodont^  lij^omentSy  membnines,  and  dciiH,  ilD  yield  it; 


\  bat  the  quality  tf  betc  -wHeiiri 


irg€to^uyai!f  aaJ 


those  of  old  animals  yieltf^l'MMh  meftvg^  gltiefbr 
theer tf  youn;  animals^  English  gltse  h  conlidffel  n 
the  best,  owing  to  the  care  with  wliic^  hiiiAiide*  Tk 
parings  of  liidcs,  pelt*  Ifeoi  farriern,  the  hoo^  and  m 
of  borates,  oxeo,  csilTmr  «h«epi  Uc  are  the  ial 
horn  which  it  is  extracted  in  Britain^  mod  quantiti^ 

[these  substances  are  imported  for  the  pnrpofe.  T!l^ 
■re  first  digested  in  lime-i^ater  to  clean  them.  \im 

f  Steeped  is  clean  water^  laid  in  a  heap  lilt  the  wstct 
nms  o^  and  then  boiled  in  fartsa  eald^im*  wieli  part 
water.     Tbc  impurities  arv  tkimm^  €*  mslSswf 
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ic  wbole  IS  dissolved,  a  iit^e  alum  Qf  finely 
Mjiered  lime  is  throwa  in.  The  :>kinimuig  having 
^■^  ca^tinued  for  some  time«  th^e  whole  is  strai^ned 
hroogh  baskets,  and  allowed  to  settle,.  The  cl^ar  IJU 
„;^  ;.  --"Mj  poured  back  into  tl^c  kctlle,  boiled  il 
.VL.  ,  and  skimmed  lilHts is  reduced  to  the  grc^-. 

H|Ci^&isCencj*  It  Is  then  f|pured  into  lar^e  frami^ 
fm^r  cret^s  on  cooling,  into  a  jelly*     It  ts  cut  by 

^^^ iquar^  cakes,  u  Iiirli  are  :<eain  cut  ky  meaos, 

l&P'JP^  ioto  il  s  arc  put  into  a 

uj^dof  cQar^  ne,i  lyprlf ,  ^J\d  dried  in  the  open  aii:^^ 
[^e  be$t  glue  is  c^^trenjdy  hard  and  brittle  ;  it  has  a 
mrk  brown  colour,  and  an  c^ual  degree  of  t,i  .msparen- 
jr  without  blaf^k  spots*  Wh^a  pi^t  into  coid  water»  it 
wells  very  tpuch^  and  becozD/ca  geUtinoust  but  does  not 

KTC.  When  glue  is  soluble  in  cold  water,  it  is  a 
that  it^  wants  strength.  Djy  glue,  according  tp 
)r  Bostock,  contains  10 iji(r  cmi*  of  water.  He  thinki^ 
lisp  ti^at  it  contains  albums.  But  from  (he  method  of 
ring  it  thii  can  hardly  be  supposed  t" 

Thi^  substance  difi^rs  from  glue  in  being  site. 
rlesa  and  mprc  transparent,  I^i  is  manufactured  ij^ 
way,  but  with  more  ca^e  ;  eel  sktii$,  vellu^n, 
it,  some  kinds  of  white  leather^  and  the  skin^ 
es^  cats,  labbiiSi  are  the  substa^ce^  f^om  which  i| 
|l  procured*  It  is  commonly  inferior  to  glue  in  strength. 
I  js  employed  by  paper-makers  to  give  strength  tQ 
liai  article,  and  likewise  by  linen  manufacturers,  gild- 
r{^  polish^s^  painters,  ^*  |* 
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leL     Sec  Johnion**  Hitiarj  */  Amim»i  Chtmuitj^  tt%  I  J* 
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3.  Jiinglmj.  This  substance  agrect  with  sire  ifibf# 
iDg  traniiparent,  but  it  is  much  finer,  and  ii  therefore 
soinctirnts  employed  as  an  article  of  food*  It  is  prept* 
red  in  Russia  from  the  air-bladders  and  sounds  of  difer- 
ent  kinds  of  fish  which  occur  in  the  movtht  of  Imrge  ri* 
vers;  chiefly  dificrcnt  species  of  acdptmtr^  is  tJie/f»* 
rio  stiUatui^  huso  ruthinus^  and  Jikewisc  the  ^hrit 
giants*  The  bladder  is  taken  from  the  fish,  deift  wiilt* 
edy  the  exterior  membrane  separated,  out  lesigthviie 
and  formed  into  rolls,  and  then  dried  in  the  open  nr* 
When  good,  isinghss  is  of  a  white  colour,  sctoxtnuii- 
parertt,  and  drv.  It  dissolves  in  water  with  mote  difficnL 
ly  than  glue,  probably  because  it  is  not  formed  origi. 
nally  by  solution.  From  the  analysis  of  isinglass  bf 
Haichctt,  wc  learn  that  it  is  almost  completely  convcn. 
ible  into  gelatine  by  solution  and  boiling,  50tj  ptm 
of  it  left  by  incineration  I'S  grains  of  phosphate  of  so. 
da,  mixed  with  a  little  phosphate  of  lime, 

A  coarse  kind  of  isinglass  is  prepared  from  lei 
wolves,  porpoises,  sharks,  cuttle  fish,  whalet,  and  all 
fish  without  scales.  The  head,  tail,  fins,  8cc*  of  ihcsi 
are  boikd  in  water,  the  Hquid  skimmed  and  filtered,  »d 
then  concentrated  by  evaporation  till  ii  gelatinizes  oo 
cooHtig,  At  that  decree  of  cdneenttatioD  it  is  cast  M 
flat  slabs  and  cut  into  tablets,  l^is  species  is  used  fcr 
clarifying,  stiffening  silk,  making  sticking  plaster,  and 
other  porposes  •• 

6-  Gelatine  exists  in  great  abundance  in  animals, 
forming  a  constituent  part  both  of  their  fiuid  and  selrd 


liiti,  »tlt|  }nhfliOt)*9  Animal  Chmitfry^l  SJI. 


ptktts*  Blood  and  milk  yield  it  always  ;  mnd  tt  tniikeft 
Its  appearance  occasionallj  in  the  other  liquids,  ft 
forms  an  essential  part  of  bones>  ligaments^  tendons, 
nienabranes,  skin»  muscles,  hair,  6cc. 

7.  Its  uses  are  very  niimerous.     In  the  state  of  jelly  Vm, 
it  constitutes  one  of  the  tnost  nourishing  and  palatable 
species  of  food.     It  constitutes  the  basis  of  soups.    The 
great  vanrtcty  of  purposes  to  mrhtch  it  is  applied  in  the 
^late  of  glue^  site,  and  isinglass,  are  well  known*  ^ 
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Are  eggs  of  fowls  contain  two  very  different  substao*  camained 
ces:  a  yellow  oily-like  matter,  called  the  ^o/f  /  and  a  "^^OT* 
colourless  glossy  viscid  liquid^  distinguished  by  the 
name  of  whue.  This  last  is  die  substance  which  cfae« 
inisti  have  agreed  to  denominate  albumen  *•  The  white 
of  an  eggy  however,  is  not  pure  albumen.  It  contains 
also  some  mucus,  soda,  and  sulphur  :  but  as  albumea  it 
never  found  perfectly  pure,  and  as  no  method  is  known 
of  separating  it  without  at  the  same  time  altering  the 
properties  of  the  albumen,  chemists  are  obliged  to  exa* 
mine  it  while  in  combination  with  these  bodies* 


•  Thi4  it  merely  the  Latin  term  for  the  white  of  ao  egg.    It  wa«  fir*? 
introduced  into  chcmiitry  by  the  phjriiologisU. 


*f?f 


4M IMAL  ^MTAKCES. 


h^  th^  {)co|if  rtj  o£,  giviag  s  pcoi  colo^  to  Tcgel 
l^lltUgfc^ifl  9<>|||r^orficc  o(  ifa^  tocU  wbtdi  t| 
S2tS^   Wtei  atbimiefi  is  beaded  ti^  tlic  tfUBj^Umz  af 

wcigbt  tk^A^  ^t  bjid  wi^k  Quid*  Tbi#  pfopcnjr  of  ooa. 
goltung  wbea  bested  is  cbainQtcristic  of  albumaj  and 
disditguiihes  it  from  oihct  bodies. 

The  taste  of  coagttUted  atbumeD  b  quite  dilEeteDl 
firem  thmi  of  liquid  albticnen  :  its  appeiraciioev  too,  lad 
its  propertietf  are  entireJy  cbwigod  ;  for  it  is  00  loi^ 
lolable^  3S  before^  either  in  hot  or  iti  cold  witer* 

The  coaguUtioQ  of  albumen  takes  place  even  thaogk 
air  be  completelj  excluded  ;  and  eveo  wbcii  air  11  pc^ 
sent  their  iai  no  absorption  of  it^  nor  docs  albamoi  ifl 
coagulating  change  its  Totamc  f.  Acids  have  Ibe  pnv 
ptny  of  coagulftltng  albumeti^  as  Schcele  aactiUMd  \ 
A''  >(^  prodoces,  in  some  measure,  the  same  rf* 

fci.^.      ^Acui^  tbcHp   acidt  and  akohoi,  aire  the  agcoQ 
vrhkh  ma^  be  employed  to  coaguhte  albumen. 

7t  isremsrkaMe^  tbat  if  albumen  be  diluted  witli  a 
iufficrent  quantity  of  wafer,  it  can  ao  longer  be  coagii- 
litrf  bj  tiny  of  these  agents.     Scheelc  mixed  the  wbia 
Uf  tiiegg  with  ten  times  its  -weight  of  water,  and  thr 
tfroucgh  he  even  htriki  the  liquid,  no  roagolum  appeti*'  ^ 
eflv    Aeidiy  iildcedyiind  alcohol^  even  ibeo  eoan^okitdl 
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Li  tnil tli^^^alsalosQ  tbeic powec if. the albuoiea  he;d{-* 
luted  with  a  much  greater  ^lunti^j  of  w^ter^  isbaa^ 
been  ascenained  by  many  experiments.  Now,  when  wa- 
ter is  poured  into  albuooen^  it$  mtegrmit  particj 
be  farther  separated  from  each,  other,  aod  th^r  di^t^Qipp^ 
Biosi  increase  with  the  quantity  of  watct  with  which. 
Ib^j  iire  diluted.  Wc  see,  therefor^  thatalhuo^en  cta3ei^ 
U>  coatgulate  whenever  its  pecti^le^  a|:e  separ^ted^Qm, 
each  other  beyond  a  certain  distance «      That  no  other 
chax^e  is  produced,  appears  cyident  from  this  ci^cum- 
Btance,  that  whenever  tlie  watery  solution  of  albumen^ 
^  suflkicntly  concentrated  by  eyaporatioD,  coag^i^^^tioa 
lakes  place,  upon  the  application.  oC  the  proper  ageotS|^ 
precisely  as- focroerjy*  , 

It  does  i^ot  appear  tliat  thie  dx^taact  of  th^  i 
feif?  albumen  is  changed  by  coagulation  ;  for  coagukt^d. 
albumen  occupies  precisely,  tb^^^  Sj^ipe,  sffsU^k/gA^^^^ 
liquid  albumen  *•  ^         ,4, 

Now,  to  what  is  tbo  coagulation  of  aJU>umea  owing? 
We  can  conceive  no  change  to  take  place  ^om  a  stale 

t^uidity  to  that  of  solidity,  without  some  change  in 
gun  of  the  particles  of  the  body  which  has  under* 
that  change*  Now  such  a  change  may  t^^kq  pla^Q 
ways;  1,  The^ figure  may  be  changed  by  the  ad» 
1  of  some  new  molecules  to  each  of  the  moUqules 
liif  the  body*  2^  Some  molecules  may  be  abstracted 
from  every  integrant  particle  Qf  the  body.  3^  Of  the 
iMkc^ilesy  of  wliich  the  integrant  parti cks  are  cai^po-f 
H^  loay  enter  into  new  combinatiouf,  and  form  pew 
-iitegraiLt  particles,  whose  form  i«  di£Eerept  fro^^  t^^it  ojf 
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^oslcy*^  the  oM  integrant  particles.     Some  tint  or  other  of  thr 
'^"    '  three  things  most  take  place  during  the  coagtilaftofi  i 

atbiimen. 

1.  Schccle  tnd  Fourcroy  have  ascribed  the  cqj 
lion  of  albumen  to  the  first  of  these  causes,  namrly, 
theaddition  of  a  new  substance.    According  to  Sche 
cahrie  is  the  substance  which  is  added.     Foorcroy,  oS" 
the  eontrary,  affirms  that  it  is  oxygen, 

Schcele  supported  his  opintott  with  that  wonderful  ^ 
genoity  which  shone  so  eminently  in  every  thing  whij 
he  did.  He  mixed  together  one  part  of  white  of  e| 
and  four  parts  of  watetp  aiddcd  a  little  pure  alkali, 
then  dropt  in  as  much  muriatic  acid  at  was  tufiicie 
to  saturate  the  alkali.  The  albumen  coagulated, 
when  he  repeated  the  experiment^  anduKcd  carbonates 
alkali  instead  of  pure  alkali,  no  coagulation  ensued, 
the  first  case,  says  he^  there  was  a  double  decotnp 
lion :  the  muriatic  acid  sep<irated  from  a  • 
loric  with  which  it  was  combined,  and  u    :    :  t\ 

alkali;  while,  at  (he  same  instant,  the  caloric  of 
acid  united  with  the  atbumeti,  and  caused  it  to  eeibg 
late.  The  same  combination  could  not  take  place  wheiT 
the  alkaJme  carbonate  was  used,  because  the  cirbonif 
acid  gas  carried  off  the  caloric,  for  which  it  has  a  strong 
affifiity  •. 
T«(«yge»^  Fourcroy  observes,  in  support  of  hfs  optnion,  tHtj 
tho  white  of  an  egg  is  not  at  first  capable  of  forming  i 
hard  coagulum,  and  that  it  only  acquires  thai  properij 
by  exposure  to  the  atmosphere.  It  is  well  known  ifwt 
the  white  of  a  new  laid  egg  is  milky  after  boiling ;  arf 
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IS  theU  be  covered  over  with  grease  to  e&clude  ^  Cbtp.  L 
fsnal  air,  it  coQttDues  long  in  that  state  ;  whereas 
ite  of  an  old  egg,  which  has  not  been  preserved 
,  maoner»  forms  a  verj  hard  tough  coagulum. 
facts  are  undoubted  ;  and  thej  render  it  exceed* 
pbable^  that  albumen  acquires  the  property  of 
LAJiard  coagulum  only  bj  absorbing  oxjrgen ; 
^■U  DO  means  prove  that  coagulation  itself  is 
l^nich  an  absorption.  And  since  coagulation 
Lace  without  the  presence  of  air,  and  since  no 
pi  when  it  is  present^  Is  absorbed^  this  opinion 
|»e  maintained  without  inconsistency* 
Ibe  only  substance  which  can  be  supposed  to 
tbumen  during  coagulation^  since  it  does  not  lose 
[hip  is  caloric*  We  know  that  in  most  cases 
I  fluid  is  converted  into  a  solid,  caloric  is  actual- 
pgaged.  It  is  extremely  probable,  then,  that 
pe  disengagement  lakes  place  here*  But  the 
\  has  not  been  confirmed  by  any  proof*  Four- 
^eed  says,  that  in  an  experiment  made  by  him, 
rmometer  rose  a  great  number  of  degrees.  But 
tber  person  has  ever  been  able  to  observe  any 
lingt  it  cannot  be  doubted  that  this  philosopher 
IP  misled  by  some  circumstance  or  other  to  which 
jiot  attend  *; 

^he  coagulation  of  albumen  resembles  exactly 
kkes  place  when  concentrated  silicated  potash  is 
,  saturated  with  muriatic  acid.  The  mass  slowly 
I  an  opal  colour,  and  at  last  concretes  into  a  solid 
^mass*   Now  this  jelly  consists  of  the  pnrticles 
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_Bw4^   <Jf  irttca  cfirmbio^d  wA  each  othcc^  nitd  with  «  cemit 
p^ftion  of  water,     Thc»e  panidct  wrrc  formerly  heM 
y  the  pdistih  ;  tlwrt  is  to  say»  the  ilfinity  o( 

^Uuatar  puta^li  waff  SI        *      i o  tiic  colir  ^      '  'Jch 

cxkts  between  Uic  p  of  %\lic^.  xdc 

adid,  ^^'^^euratin^  the  patBSh,  idiminiilial  ihe^fitodrof 

■       •  v^ 

shting  of  a  cettaln  portion  of  silica  ana  water*  Tbeie 
masses,  ec]utd!y  dtfosed  tli^otlgh  the  liqtiid^  andatsncb 
smt*?l  in'         *  "      etogcthr-  ■'■  a 

gelattnou.   .^. ....      ^_.:,_Lhing  liki.   ..,,  .  ^ .  v.   uke 

place  with  respect  to  the  albumen,  hs  partideSy  torn, 
bined  with  ^ater  and  also  nvith  soda,  are  till  kept  u 
equal  dt^rances* in  the  liquid ;  because  this afEnltf  jtt*t 
balances  their  cohesive  force.  But  Wheii  fceat  itlp^icdi 
this  aiSnifj  is  dianniahed  by  the  additional  elastidty^or 
tendency  to  separate,  given  to  the  water  and  the  todz, 
The  cohesion  of  the  albumen^  now  sopertor^  cause*  in 
particles  to  combine  in  set?,  formmg:$oIid  bodiei,  ttfxal 

""Ty  distant'  from   etch  other,   and   cbhertng  fogttber. 

'Hence  the  gelatinous  fornix  anr^  'fiity  of  ihecw- 

gulum^  always  inversely  pro ^  ...,-,.  to  the  qtxaism; 
of'water  present-  Thus  it  appears^  that  whatever di* 
miniihes  the  affinity  between  the  water  and  loda  tad 
the  albumen,  occastotis  its  coagulatioQi  by  attowtiag  iu 
cohesive  force  to  act, 

AlbUtbeh^  then,  is  capable  of  existing  in  two  tttttf ; 
the  one  before  it  has  been  coagulated*  and  the  other  if. 
lef  it  has  undergone  coagulation.  Its  propeniea  are 
very  different  in  each.  It  will  be  proper  therefore  to 
consider  them  separately* 

X.  Albumen  in  fts  natural  state^  or  uncoagtdated,  ii  i 


ALBtrMTIT, 
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glaty  liquid,  Hvtng  Ihllc  tastc^riil  no  Smell.  When  .  Chip,  l 
'Ufied  spbntaneousty,  ot  in  a  Ipwhcat,  irbecotncsti  brit-  untbaffu- 
'^tle  transparent  gk^y  like  substance;  which>  wlien  ^*^^^*^- 
^read  thin  upon  surfeces,  forms  e  varnish,  and  h  ac- 
coniingly  ^tnploycd  by  bookbinders  for  thalt  porpo^. 
'When  thus  dried  it  has  a  considerabk  resemblance  to 
^gum  Arabic,  to  tvhich  also  its  taiti  Js'siitilar.  Tfie 
Trblteof  an  egg  lo^es  about  fths  of  itstveJght  in  drying, 
It  Is  stiB  soluble  in  water,  and  forms  the  iiine  gldry  li- 
MitSd  as  before. 

"From  the  experimentsof  Dr  Bostotk,'it^'ppeats,that 
''wlien' one  part  of  this  di*y  albumen  is  dissolved  in  nine 
parts  of  water,  the  sohit?oh  becbtties  perfectly  solid 
'When  cba[gulated  by  heat ;  bat  if  the  albutiftn  amounts 

Ily  to  Vt*^  ^^  ^^^  liquid,  then^  though  'coagulation 
fcs*  ptacCi  Che  liquid  docs  not^ccdmc  perfectly  solid^ 
t  ipay  be  poured  from  one  vessel  to  another  \ 

Then  one  grain  of  albumen  i&  dissolved  ]fi  lOOO 
n^  of  water,   the   solution   becomes  cloudy  when 

Uiicoagulated  albumen  soon  putrefies  tinLess  it  be  hi  proper^ 
dried ;  in  which  state  it  does  not  undergo  any  change. 
It  putrefies  more  readily  when  dissolved  in  a  large 
quantity  of  water  than  when  concentrated.  The  smell 
of  white  of  cggf  allowed  to  run  into  putrefaction,  re- 
sembles that  ofpjtst. 

It  is  insoluble  in  aicdhol  and  ether,  which  immediate- 
ly coagulate  it,  unless  it  be  mired  with  a  very  great 
proportion  of  water;  in  which  case  even  acids  hav&po 
cfect-  -*  ' 


•  Hichahon't  J«wt'.  til,  i4i« 
t  Id*  (bid.  xif  *  i4|. 
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VhiA  iddi  ift  ^ured  upon  Up  coaiguUiioa  takti 
^kame^  eKp^Uf  -,  ktt  »e?c(al  of  tbem  have  the  pcopcnj  ^ 
<&9Blttf^  it  again  wbea  asai&ted  bj  heat.  This  at  km 
t&  the  case  with  lulphuric  acid.  The  solutioa  i$  ef  a 
greca  eolcmrp  aad  does  not  soon  biackca  ctcq  whim 
boiled.  Ii  is  the  case  also  with  nitric  acid,  aiid  p^ 
bably  abo  with  muriatic  acid*  Nitrtc  acid  firat  diaoi* 
g^pea  aofue  azx^tic  gas ;  thco  the  albumen  is  gradtallf 
disaolved^  nitrous  gas  emttted,  oxalic  and  malic  scidi 
formed^  and  a  thick  oilj  natter  makes  its  appcaraact 
OD  the  surface  *. 

I  cried  the  effect  of  different  acids  U|>oQ  a  aohidM 
coasisung  of  the  albumen  of  a  commOD*aixed  hen's  egt 
in  about  a  pint  of  water^  and  filtered.  The  results  aij 
be  seeo  in  the  CoUowing  Table : 


ACIDS* 


tFracTs. 


I,  Sa^phiinr  arid  •....•. 

t*  Mariadc  actd 

S.  Nitric  acid*.* 

4»  Oa/mariatic  ac!d  .*» 

$n  Sitiphurous  acid...... 

d.  A  wesk  fluoric  acid 

1.  Acetic  acid 

5.  Otttilled  vinei^ar  .*•« 


A  white  coagulum^  which 
appears  at  Uic  bottom  fint 

Becomes  at  once  vcrj  m\kjt 
flakes  fall  slowly 

A  very  copious  precipitate 
of  yellow  flakes  scion  faUi 
to  the  bottom*  and  a  tlighi 
effervescence  ia  perceptible 

Assumes  a  beautiful  wbitt 
colour,  and  fine  white  flafcti 
slowly  separate 


No  change  f. 

12  hours 
No  change 
No  change 
No  change 


Coagulates  n 


*  SchcdOi  Crcirt  Amintit,  IL  17.  EmgmTna^ 
f  The  water  wat  ntvntcd  WitJi  the  icad^ 
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be  proper  to  mention^  that  the  tolution  was 
^  hy  alcohol  but  not  by  heat. 

alkalies  are  mixed  with  the  solution  of  albu* 
rater,  no  apparent  change  takes  place  ;  but  if  a 
iled  solution  of  pure  potash  be  triturated  with 
for  some  time,  and  then  allowed  to  remain  at 
albumen  gradually  coagulates  or  rather  gcla- 
br  the  coagulum  has  a  striking  resemblance  to 

gradually  hardens  ;  and  at  a  particular  period 
ing  it  resembles  very  exactly  the  lense  of  the 
ben  quite  dry  it  is  brittle  and  transparent. 

ict  of  the  different  earthy  bodies  on  the  solu* 
idbumen  in  water  may  be  seen  from  the  foU 

ble.     The  solution  consisted  of  one  white  of 

f^  in  about  a  pint  of  water,  and  filtered  to 

e*opaque  white  films  which  are  always  mix- 
iPirhitc  of  egg. 


SSTAKC£S, 


s  water 

an  water 
water 
»te  of  magnesia 

led  potash 
inated  potash 


£FF£CTS. 


No  change 
No  change 
No  change 
No  change 
No  change 
No  change 
No  change 


appears  that  none  of  the  earths  form  ioso- 
bpounds  with  albumen  ;  in  this  respect  they 
the  alkalies. 

se  is  very  different  with  the  metallic  oxides* 
wing  Table  exhibits  the  effects  of  the  metallic 
same  solution  of  albumen^  as  far  as  my  ex- 
go- 

Ff 


Chap.  L 


Oralkah'tff 

ftnd  eartlu. 


Of  metiHI^ 


17.  Hyperoxymariatcol 
lead 

18,  AceCsite  of  lead 
10.  Nitrate  of  Jead 

20,  Plambaie  of  potash 

21.  Plumbate  ofHioe 


A  copious  white  precipi- 
tate 

The  same 

The  same 

No  change^  but  muriatic 
acid  throws  down  a  co- 
pious while  precipitate 

N'>  cftan^e 


22*  Muriate  of  SLinc 


2:1.  Nitrate  of  bismuth 


24-  Nitrate  of  antimony   \  white  precipitate 


Becomes 
milky 


slowly     very 


A  white  precipitate,  which 
does  not  appear  imme- 
diately unless  there  be 
an  excess  of  acid 


25,  Muriate  of  »rsenic 
20.  Arseniarc  of  potash 


Becomes  slowly  milky 
No  change 


27.  Aricniate  of  cobalt 


28.  Prussiate  of  potash 
20.  Oxalate  of  ammonia 


No  change 


No  change 

\  slight  white  precipitate 

appears  after  statidtng 

an  hour 


Chap*  I. 


••Thos  wc  see  that  every  metal  tried,  except  cobalt, 
tyccasiooed  a  precipitate  ^  but  no  precipitate  ever  ap- 
{^ared  when  the  oxide  was  held  in  solution  by  an  aU 
kali  or  earth.  The  etifect  of  the  metallic  salts  on  albu. 
jnen  forms  a  ^trikmg  contrast  with  their  elLct  on  gela* 
tine. 

From  the  experiments  of  Dr  Bostock,  it  appears  that 
%  drop  of  the  saturated  solution  of  oxymuriate  of  mer- 
ctirjr,  Icl  fill  into  water  containing  t^V?*^  P^^^  ^^  ^^^ 

Ff2 


Ipeptiblc  of  decomposition  as  uncoagulated  al*    ^  Chap-L 
II  Mr  Hatchett  kcpl  it  for  a  motiili  under  water,    hspiopcr. 
||  did  not  become  putrid.     1 1  is  to  the  cxperi*    ^'^ 
\  this  ingemous  chemist  that  we  are  indebted 
ft  every  thing  at  present  known  relative  to  coa- 
llbumen.     By  drjing  it  in  the  temperature  of 
p  converted  it  into  a  brittle  bard  yellow  sub* 
^milransparent  like  horn  ^. 

f  this  fiobstance  was  digested  for  some  hours  in   Actiosi  U 
I  gradually   soiiened^  and   became  white   and 
Ike  newly  coagulated  albumen.     When  water 
lo  act  upon  it  long,  a  small  portion  of  it  is  taken 
pe  watery  liquid  is  not  precipitated  by  the  in*        ^ 
^  but  nitromuriate  of  tin  occ&uons  a  faint 


1^ 


or 


Chanfcd 


Il0g  to  Scheele^  the  mineral  acids,  when  great* 

A  with  water^  dissolve  a  portion  of  coagulated 

1^  which  is  thrown  down  again  by  the  same 

kcentrated  X* 

^  coagulated  albumen  is  steeped  in  diluted  ni« 

^ibe  acid  in  about  four  weeks  begins  to  acquire   »7*»  K**** 

(.tinge,  which  becomes  gradually  deeper  ^  but 

P,  though  it  becomes  more  opaque^  is  not 
The  yellow  acid,  when  saturated  with  am- 
mes  of  a  deep  orange  colour,  but  does  not 
by  precipitate.  When  the  albumen,  thus  treat* 
a&ersed  in  ammonia,  the  liquid  assumes  a  deep 
lour,  inclining  to  blood  red*  The  albumen  is 
ssolved^  and  the  solution  has  a  deep  yellowish 
inMf^   If  the  albumen,  after  being  steeped  in 
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Action  of 
alkalies. 


Composi- 
tion of  al- 
bumea 


nitric  acid,  be  washed  and  then  boiled  in  witer,  it  is 
diss6lved,  and  forms  a  pale  yellow  liquid,  which  getatir 
nizcs  when  properly  concentrated.  If  the  gelatinooi 
mass  be  again  dissolved  in  boiling  water,  the  soluuoD  ii 
precipitated  by  tan  and  by  niiro-muriatc  of  tio.  HcMt 
we  sec  that  nitric  acid  has  the  property  of  ooorertiif 
coagulated  albnmen  into  gelatine.  For  this  impoitiirt 
fact  we  are  indebted  entirely  to  Mr  Hatchctt  *• 

Concentrated  nitric  acid  dissolves  coagulated  albomei 
with  effervescence,  especially  when  assisted  by  hoi 
It  becomi's  orange  brown  when  mixed  with 
but  no  precipitate  falls +. 

It  is  readily  dissolved  by  a  boiling  lixivium  of  ] 
ammonia  is  discnga;;cd,  and  an  animal  soap  is  forowi 
Thifs  soap,  uhen  dissolved  in  water,  and  mixed  wilk 
acetic  or  muriatic  acids,  lets  fall  a  precipitate  which  ii 
of  a  saponaceous  nature.  When  heated  gently  sane 
oil  flows  from  it,  and  a  brownish  viscid  substan^  rs 
mains  {.  The  alkalies,  when  diluted,  and  not  assiMcd 
by  heat,  act  upon  it  slowly  and  imperfectly. 

These  properties  indicate  sufficiently  that  coagolatdi 
albumen  is  a  very  different  substance  from  uncoagnlated 
albumen.  During  the  coagulation  its  component  pvti 
must  arrange  themselves  differently. 

III.  From  the  effects  of  nitric  acid  on  albumen ;  isd 
Its  products,  when  subjected  to  destructive  distillatiCB, 
it  lias  been  concluded  that  it  consists  of  carbon,  hydro- 
gen, azote,  and  oxygen,  in  unknown  proportions.  As 
it  yields  more  azotic  gas  to  nitric  acid,  it  has  been  cos- 
sidered  as  containing  more  of  that  principle  than  geli- 


*  Ilatchett,  PLil.  Tranu  1800. 
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It  is  obvious,  however,  tbat  it  does  not  dlfTer  C*^*?-  '- 
from  that  bodj,  as  nitric  acid  spontaneouslj  con- 
erts  it  into  gelnUne.  Mr  Hatchett  has  rendered  it  very 
probable  thai  it  is  the  first  of  the  soft  parts  of  animals 
that  is  formed,  aod  that  all  the  other  soft  parts  arc 
rormed  from  if. 

1 V.  Like  all  other  anmial  substances,  albumen  is  ca-  Specio  oC 

>mble  of  existing  in  various  states  both  when  coagulated  "^ 

nd    twicoagulaicd,  forming  a  number  of  distinct  spe- 

ie%  ;   bot  they  have  not  been  characterized  with  much 

23recision«      But  if  the  curdy  part  of  milk  be  considered 

an  albumen,  as  some  chemists  do^  it  constitutes  a 

Spcdes  essentially  distinct   from   the  albumen  of  eggs 

;aiid  blood*       Coagulated   albumen   forms  an    essential 

jpftTt  of  bone  and  muscle  ;  brain  perhaps  may  be  consi- 

dercd  as  a  species  of  it,   and  so   may  the  lense  of  the 

eye*     Cartilage,  nails,  horns,  hair,  &c.  as  Haicheit  has 

shown,  are  almost  entirely  composed  of  it ;  and  it  forms 

the  membranous  part  of  many  shells,  sponges,  &c.     In 

short,  it  is  one  of  the  most  general  and  important  of  the 

animal  substances. 

V«  The  property  which  albumen  has  of  being  coa- 
gulated by  heat  renders  it  a  very  useful  substance  for 
clarifying  liquids.  The  serum  of  blood,  white  of  egg, 
or  any  liquid  containing  it,  is  mixed  with  the  liquid  to 
be  clariEcd,  and  the  whole  is  then  heated*  The  albu* 
men  coagulates,  and  carries  down  with  it  the  Boating 
particles  which  rendered  the  liquid  op»que. 
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or  MUCUS. 


iSo  word  in  chemistrj  has  been  used  with  less 
sion  than  mucus.  Too  many  experimenters  bare 
It  serve  as  a  common  name  for  every  animal  sab 
which  cannot  be  referred  to  any  other  class.  I 
stocky  in  his  excellent  Papers  on  the  Analysis  of 
mal  Fluids,  has  endeavoured  to  fix  the  meaning  * 
word  by  ascertaining  the  properties  of  pure  B 
Fourcroy  and  Vauquelin  have  lately  written  an  < 
rate  paper  on  the  same  subject  *• 

From  Bostock*s  experiments  it  appears,  that  if  t 
lid  matter  obtained  by  evaporating  saliva  to  drjo 
redissolved  in  water  and  filtered,  the  solution  wil 
tain  very  little  except  mucus.  He  obtained  n 
also,  by  macerating  an  oyster  in  water  and  evapo 
the  liquid  f.  Mucus,  thas  obtained,  possesses  A 
lowing  properties : 

1.  It  has  much  the  appearance  of  gum  arable 
cepting  that,  in  general,  it  is  rather  more  opaqoe;  lil 
it  has  little  taste,  dissolves  readily  in  water,  and/i 
an  adhesive  solution. 


•  A^n,  Ju  Mas,  d*Hij/.  \at.  xVu  6l.  f  NicholtOfl*!  /pvr.li. 


MUCUS* 

2*  When  evaporated  to  dryness  it  Is  transparent^  in-     < 
elastic,  and  has  much  the  appearance  of  gum.      It  is 
insoluble  in  water*  but  dissolves  readily  in  all  the  acids 
Ihougb  very  much  diluted. 

3.  It  does  not  dissolve  in  alcohol  not  in  ether* 

4.  It  does  not  coagulate  when  heated  j  nor  when  coo- 
ntrated  by  evaporation  does  its  solution  assume  the 
>rm  of  a  jelly. 

5.  It  is  not  precipitated  by  the  oxyrouriate  of  mer- 
cury, nor  by  the  infusion  of  galls  * . 

6.  The  acetate  of  lead  occasions  a  copious  white  pi!f« 
cipttate  when  dropt  into  solutions  containing  mucus  ^ 
the  superacetate  produces  a  much  less  striking  effect  f. 

7*  Nitrate  of  silver  likewise  occasions  a  precipitant 
in  solutions  containing  mucus. 

8.  When  heated  it  assumes  the  ajipearance  of  horn* 
and  when  distilled  it  yields  the  common  products  of 
animal  substances.  According  to  Fourcroy  and  Vau- 
q^^uelin,  horni  nails,  hair,  feathers^  the  epidermis,  and  the 
scales  which  form  on  the  skin  consist  chiefly  of  mucus.. 

Maoy  of  the  substances  called  mucus  have  ibe  pro* 
perly  of  absorbing  oxygen,  and  of  becoming  by  that 
means  insoluble  in  water.  They  resemble  vegetable 
extractive  in  this  respect. 

The  mucilaginous  substances  shall  be  pointed  out  in 
next  Chapter.      In  the  present  state  of  our  know. 

ge^  any  account  of  them  here  would  merely  be  a  le- 

lition  of  the  properties  just  mentioned. 
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itlt  treatment  it  might  be  considered  as  fibrin    .  Chap. I* 
y  at  pure  as  it  can  be  obtained  ** 

FibriQ  is  of  a  while  colour,  has  no  taste  nor  sinellj  fropcniei. 
not  soluble  in  water  nor  in  alcohol.  When  newly 
ted  from  blood,  it  is  soft  and  elastic,  :ind  resem- 
vcrj  much  the  gluten  of  vegetables^  Its  colour 
as  very  nnuch  in  drying.  That  which  is  extracted 
muscle  by  boiling  and  maceration  has  a  certain 
:  of  transparcncjr,  and  is  not  ductile  but  bririle. 
lour  does  not  de*;p€n  nearly  so  much  as  the  fibrin 
blood, 

Wdergoes  no  change  though  kept  exposed  to  the 
oi  air ;  neither  does  it  alter  speedily  though  kept 
ped  with  water.  Mr  Hatchett  kept  a  quantity  of 
ttrio  which  he  had  prepared  from  beef  moistened 
water  during  the  whole  month  of  April  i  it  ac- 
a  musty  but  not  a  putrid  smell,  neither  w^ere  the 
reduced  to  a  pulpy  mass.  Even  when  kept  two 
IS  under  water,  it  neither  became  putrid,  nor  was 
trted  into  the  fatty  matter  obtained  by  macerating 
t  muscle  f . 

hen  fibrin  is  exposed  to  heat,  it  contracts  very 
ly,  and  moves  like  a  bit  of  horn,  exhaling  at  the 
lime  the  smell  of  burning  feathers.  In  a  stronger 
it  melts.  When  exposed  to  destructive  disttllation, 
tlds  water,  carbonate  of  ammonia,  a  thick  heavy 
oil,  traces  of  acetic  acid,  carbonic  acid,  and  car- 
led  hydrogen  gas  X*  The  charcoal,  as  Hatchett  as- 
oed|  is  more  copious  than  that  left  by  gelatine  or 
en*  It  is  very  difficult  to  incinerate,  owing  to  the 
nee  of  phosphate  of  soda  and  some  phosphate  of 


•  lUtfliett,  pi«/.  Tuttti,  1800. 
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lifne^  wfiich  form  «  gUss/  coAt  cm  the  surface*     A 
fttderable  proportion  of  carbotiite  of  lim«  also 
after  the  LCctneration  of  the  chmrtoal  •. 

3.  Adds  dissolve  fibrin  with  considerable 
Sulphuric  acid  gtves  it  a  deep  brown  colour  ;  cbi 
is  precipitated,  and  acetic  tcid  formed.  Mariaticidd 
dissolves  it|  and  forms  with  it  a  |^reen  coloured  jelly* 
The  acetic,  citric^  oxalic^  and  tartaric  acid5,  also  db< 
solve  it  hy  the  a%sistr.nce  of  heat ;  and  the  solatkes^ 
wbea  Concentrated,  atiiime  the  appcaraitce  of  jdlj. 
Alkalies  precipitate  the  fibrin  from  acids  in  iakci|  icw 
luble  in  hot  water,  and  resembling  gelattDf  In  it\  fro- 
pertiesf. 

Diluted  nitric  acid  occasions  the  separation  of  a  good 
deal  of  azotic  gas,  as  was  first  observed  bj  BcxtboUft* 
Mr  Uaicheit  sleeped  a  qoaniitjr  of  fibrin  iji  nitrkicM 
diluted  with  thrice  iu  weight  of  watar  for  15  dajrk 
The  acid  acquired  a  yellow  tinge,  2nd  posaeased  all  the 
properties  of  the  nitric  solution  of  albumen.  Tliei- 
brin  thus  treated,  dissolved  in  bojling  water,  and  when 
concentrated  bj  evaporation,  became  a  gelatinous  aisa, 
lolttble  in  hot  water,  and  precipitated  bj  tan  and  ma^ 
nurtate  of  tin,  and  therefore  possessing  the  propcftb 
of  gelatine.  Ammonia  dissolves  the  greater  part  of  tbi 
fibrin  after  it  has  been  altered  bj  nitric  acid.  The  so- 
lution IS  of  a  deep  orange  colour,  similar  to  the 
of  albumen  treated  in  the  same  way  t-  fioiUnf 
acid  dissolves  fibrin,  except  some  fatty  matter  wlikii 
swims  on  the  surface.  The  solution  resembles  that  of 
albumen  ;  estcept  that  ammonia  throws  down  a  white 
precipitate,  consisting  chiefly  of  oscalate  of  lime  f .   Du- 
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Mg  tte  soluttotif  prasaic  acid  corocs  over,  wid  carbonic    ^  C?lt^fc^ 
ftcid  gas  mixed  with  nitrous  gas;  a  considerable  per tion 
k>(  oxalic  acid  is  formed  besides  the  fattj  matter  which 
iwiins^. 

From  the  recent  experiments  of  Fonrcrcy  and  Van* 
jiieUn  on  the  muscular  fibres  of  animals^  there  can  be 
little  doubt  that  fibrin,  when  treated  with  hot  nitric 
icid,  undergoes  a  suite  of  changes,  l.  It  is  first  convert- 
fed  into  a  yellow  matter,  which  still  possesses  the  fibrous 
lezttire  of  fibrin.  It  has  the  property  of  converting  ve- 
Ipetable  blues  to  red^  has  a  bitter  taste,  is  but  little  so- 
luble in  water,  and  is  insoluble  in  alcohol.  It  com* 
bines  with  alkalies,  decomposes  their  carbonates,  unites 
lo  oils,  and  gives  them  rancidity  and  acid  properties* 
To  this  substance  Fourcroy  and  Vauquelin  have  given 
the  name  oiytliow  acid*  2*  By  the  farther  action  of 
die  ottrtc  acid,  this  yellow  matter  becomes  more  iolu- 
Isle,  acquires  a  reddish  tinge,  and  seems  to  become  so- 
luble 10  atcoboL  3.  The  last  state  into  which  it  is 
Virotight  by  nitric  acid  seems  to  be  that  species  of  hitter 
frmc^U  which  crystallizes  and  detonates  when  com« 
billed  with  ammonia  f . 

ThealkaUes,  while  diluted,  have  but  little  effect  upon  ActkooT 
Kfafin  $  but  when  concentrated  potash- or  soda  is  boiled  **^*^»' 
upott  it,  a  complete  solution  is  obtained  of  a  deep  brown 
colour  possessing  the  properties  of  soap.  During 
she  solution  ammonia  is  disengaged.  When  the  solu* 
liofi  11  saturated  with  muriatic  acid,  a  precipiute  is 
obtained  similar  to  that  from  animal  soap,  except  that 
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*«*  V,     it  taooer  becomes  bard  and  soapy  when  exposed  xoiai 
air** 

Theeartbfy  a$  far  ai  is  known^  ha^e  little  or  no  actiim 
on  fibrin.  Neither  has  tbe  action  of  the  metallic  cs* 
ides  and  salts  been  eauooined* 

Fibrin  is  insoluble  in  alcohol^  ether^  and  oils*  TU 
eflTect  of  other  reagents  on  it  has  not  been  examined, 

4*  From  the  properties  above  detailed,  fibrin  appeari 
10  be  composed  of  the  sanric  constituents  as  gelatine  ind 
albumen  ;  but  it  probablj  contains  more  airboa  and 
aioic  and  less  oxygen.  The  close  resemblance  which 
it  bears  to  albumen  is  very  obvious  from  the  experi* 
mcnts  of  Hutchett  just  dt tailed.  Nitric  acid  coorcfli 
both  into  gtlatine^  and  alknHet  conirest  both  iniia  i 
species  of  oi/,  Now^  as  all  the  soft  parts  of  animiU 
consist  of  combinations  of  theie  three  genera,  it  hU 
Jouriy  as  Mr  Uatchett  has  observed,  that  all  the  toft 
parts  of  animals  may  be  either  convened  into  ^elitiDt 
or  animal  soap^  both  substances  of  the  highest  import- 
ance* 

5t  Fibrin  exists  only  in  the  blood  and  the  fnuidef  of 
animals:  but  it  is  a  genus  which  includes  as  many 
cies  as  there  are  varieties  in  the  muscles  of  anii 
and    the   great   diversity  of  these   substanoea  h 
known*      The  muscles  of  fish,  of  fowl,  astd  of  ^i 
peds^  bear  scarcely  any  resemblance  to  each  other 
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IJ  KEA  may  be  obtained  by  the  following  process  :  E-  Howi*- 
vaporate  by  a  gentle  heat  a  quantity  of  human  urine, 
J  voided  six  or  eight  hours  after  a  meal^  till  it  be  redu* 
ced  to  the  consistence  of  a  thick  syrup.      In  this  Uatc, 
when  put  by  tocool,  it  concretes  into  a  crystalline  mass. 
■Vour  at  different   times  upon  this  mass  four  times  its 
^^pveigbt  of  alcohol,  and  apply  a  gentle   heat ;  a  great 
»art  of  the  mass  will  be  dissolved,  and  there  will  re- 
gain only  a  number  of  saline  substances.    Pour  the  al» 
;}hol  solution   into  a  retort^  and  distil  by  the  heat  of  a 
[id'bath  till  the  liquid,  after  boiling  some  time,  is  re* 
paced  to  the  consistence  of  a  thick  syrup*     The  whole 
the  alcohol  is  now  separated,  and  what  remains  in 
be  retort  crystallizes  as  it  cools.    These  crysrals  consist 
[if  the  substance  known  by  the  name  of  urta  *• 

It  was  first  described  by  Rouelle  Junior  ifi  1T73,  Discovery* 
lunder  the  name  of  the  saponaceous  extract  ofurine^  He 
mentioned  several  of  its  properties  \  but  very  little  was 
known  concerning  its  nature  till  Fourcroy  and  Vau- 
Iqudin  published  their  experiments  on  it  in  1T£^9*  These 
]  celebrated  chemists  have  given  it  the  name  of  urta^ 
Ifirhich  has  been  generally  adopted. 
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CryitilBze* 
with  nitric 
■cid* 


Drea^  obtained  in  this  manner,  lias  the  form  oi  ctjh 
talliinc  plates  crossing  each  other  in  difibfent  directiooi* 
Its  colour  is  yellowish,  white  :  it  has  a  fetid  trndU, 
somewltat  resembling  that  of  garHcor  arsenic;  its  Uste 
is  strong  and  acrid«  resembling  that  of  ammofviical 
salts  ;  it  is  very  viscid  and  difficult  to  cut,  and  has  a 
good  deal  of  resemblance  to  thick  honey,*.  When  ex* 
posed  to  the  oj*cn  air,  it  very  soon  attracts  moisture, 
and  is  converted  into  a  thick  brown  liquid.  Ii  it  ex> 
tremely  soluble  in  water;  and  during  itt  tolotion  a  con- 
siderable degree  of  cold  is  produced  f .  Alcohol  «til* 
solves  it  with  facility,  but  scarcely  in  so  large  a  pro* 
portion  aa  water*  The  alcohol  solution  yields  cryatall 
much  more  readily  on  evaporation  than  the  ftolticioo  ta 
water. 

MHien  nitric  add  is  dropt  into  a  concentrated  sohtdoa 
of  urea  in  water,  a  great  number  of  bright  pearl-eo* 
loured  crystals  are  depoaited,  composed  of  urea  and  ni- 
tric acid.  No  other  add  produces  this  singular  effect. 
The  concentrated  solution  of  urea  in  water  is  broW0| 
but  it  becomes  yellow  when  diluted  with  a  large  quia* 
tity  of  water.  The  infusion  of  [nutgalls  gives  it  a  ytl- 
lowish  brown  colour,  but  causes  no  precipitate ;  nei* 
thcr  does  the  infusion  of  tan  produce  any  precipitate  |. 

Wbeo  heat  it  applied  to  urea,  it  very  soon  melts, 
swells  up,  and  evaporates  with  an  insnpportably  fetid 
odour.  When  distilled,  there  comes  over  first  benzoic 
acid,  then  carbonate  of  ammonia  in  crystals ,  some  cir* 
bureted  hydrogen  gas,  with  traces  of  pnissic  acid  mi 


*  rourcrof  »tid  Viaqueldir  Anti^  it  dim,  zuiL  SE. — Accar^iiif  t« 
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tberfe  remains  behind  a  brg6  residuum^  com- 
;hmrcDaI,  muriate  of  ammotii»,  and  muriate  of 
e  diitjllatioci  is  accompanied  with  an  almost  in* 
ij  fetid  alliaceous  odour*  Two  hundred  and 
[ht  parts  of  urea  yield  by  disnllation  200  parts 
itc  of  ammooia,  10  parts  of  carbureted  hjdro^ 
even  parts  of  charcoal,  and  68  parts  of  hen- 
I  muriate  of  soda^  and  muriate  of  ammonia* 
ree  last  iogredients  Fourcrojr  and  Vauquelin 
10  foreign  substances^  separated  from  the  urine 
K>hol  at  the  same  time  with  the  urea.  Hence 
that  100  parts  of  urea^  when  distilled^  yield 
U2*027  carbonate  of  ammonia 

4'608  carbureted  hydrogen  gas 

9*225  charcoal 


Chap.  1 


90*860 
L^arts  of  carbonate  of  ammonia,  according  to 
and  VauqueliDy  arc  composed  of  8d  ammotiia^ 
^ic  acid  gas,  aud  ?4  water.      Hence  it  follows 

Is  of  urea  are  composed  of 
I  3fi'5  ojtygea 

32"5  arote 
14*1  carbon 
'         i3'3  hydrogen 
100-0 
I  tcarcelj  be  doubted  that  the  water  wbtch 
t  in  the  carbonate  of  ammonia  existed  ready 
k  the  urea  befote  the  distillation  *. 
the  solution  of  urea  in  water  is  kept  in  a  boil^ 


.^aiit.isaiLSa. 


J^pp 


AMXMAL  BtriSTAirCZS. 


PutfcEK- 


Aftion  of 
flulphurk 
ftcii. 


Nstrlcidd* 


ing  hcftty  and  oew  wiur  is  added  ma  it  dpaporai 
urea  ii  gradimUjr  decomposed,  a  very  great  quidttty 
carbonate  of  aminonia  is  disengagedf  and   at  the 
.tiaM  acetic  :Lc\d  1%  tarmcdp  aod  some  charcoal 
tlU#a^ 

Wbesi  a  solutioft  of  urea  in  water  is  left  to  ititllGv 
some  timet  it  U  gradusUjr  decomposed.  A  froth  epk 
lect>  on  its  surface ;  air  bubbles  ire  etmued  wtucii  baK 
a  sircmg  diiagrecable  smelly  ia  wbieb  ammocum  and  ace* 
lie  arid  are  di iti tig uish able.  Tbe  liquid  cootatiis  a  ijoSi 
my  d  acetic  acid.  The  deoompoatiioQ  is  much  mm 
rapid  if  a  little  gelatiqe  be  added  to  tlie  soliitioa,  k 
that  case  more  ammooia  ii  diseiigaged^  and  the  propo^ 
tion  of  acetic  acid  is  not  to  great  f  • 

When  the  solution  of  urea  is  mixed  with  one-fouxiii 
of  iti  weight  of  diluted  sulphuric  aeid^  no  effi^reaccaci 
takei  place  i  but^  on  the  application  offaeat^  a  cjoaasitj 
of  oil  appear!  on  the  surface,  which  concretes  itpos 
cooling ;  the  liquid  which  comes  over  into  the  reemct 
containi  acetie  acid,  and  a  qtiantirj  of  sulphate  of  an* 
monia  remains  in  the  retort  dissolved  to  the  undtfdJ&J 
mass.  Bj  repeated  diitillations,  the  whole  of  the  urea 
is  converted  into  acetic  acid  and  ammonia  |, 

When  nitric  acid  is  poured  upon  crystallized  arei|i 
Ttolent  cfrerveiccncc  takes  place,  the  mixture  firodM% 
isiumes  the  form  of  a  dark  red  liquid,  great  qoaatitiei 
of  nitrous  gas,  azotic  gas,  and  carbonic  acid  gu^  in 
disengaged.  When  the  effervescence  is  over, 
mains  only  a  concrete  white  matter,  with  some  droj 
reddish  liquid.    When  heat  is  applied  to  this  festdaoa 
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Rtes  like  nitrate  of  amcnooia.  Into  m  solotton  of  ^^^p*  7* 
med  by  h%  attracting  moisture  from  the  atmo- 
fto  equal  quantlij-  of  nitric  acid^  of  the  specific 
>J*460»  diluted  with  twice  it3  weight  of  ivatcr, 
Ed  ;  a  gentle  eiFervc^ccnce  eosued:  a  v^iy  ^ni^H 
I  applied >  which  supported  the  cfiervcsccncc  or 
ft.  There  wa»  difteogaged  the  first  day  a  great 
of  azotic  gas  and  carbomc  acid  gas  ;  the  tecon4 
fbot)tc  acid  gas,  and  at  hst  nitrous  gas.     At  the 

c  with  the  nitrous  gas  the  smell  oi  the  oxy^ 
icid  of  BenhoUet  was  perceptible.  At  the  end 
^cond  day,  the  matter  io  the  retort,  wbich  was 
thick,  took  fire,  and  burnt  with  a  violent  cat- 

The  residuum  contained  traces  of  prussic  acid 
h^    The  receiver  contained  a  yellowish 
tor^  on  the  surface  of  which  some  drops  of  oil 

tk  acid  dissolves  urea,  but  does  not  alter  it,  Muriitk 
riauc  acid  gas  is  absorbed  very  rapidly  by  a  rutic  acid. 
solution  of  urea ;  small  whitish  flakes  appear^ 
•oon  become  brown,  and  adhere  to  the  sides  of 
»el  like  a  concrete  oil.  After  a  considerable 
:y  of  oxymuriatic  acid  had  been  absorbed,  the  so- 
left  to  itself,  continued  ,to  effervesce  exceeding 
I  and  to  emit  carbonic  acid  and  azotic  gas.  After 
kvescence  was  over,  the  liquid  contained  muriate 
rbonate  of  ammonia* 

n  is  dissolved  very  rapidly  by  a  solution  of  potash   Action  of 
1,  and  at  the  same  time  a  quantity  of  ammonra  is 
iged^  the  same  substance  is  disengaged  whea 
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How  fth- 


^1^$  nevrr  been  found  m  animats  tn  every  re- 
nilar  to  the  sugar  of  vegetables  i  bui   there  are 
isnal  substances^  wluch  have  so  many  pmper- 
imon  with  sugar,   that  they  can  scarcely  be 
ged  under  any  other  Dame.    The&e  substances  are, 

1.  Sugar  of  milk 

2.  Honey 
$*  Sugar  of  diabetic  urine* 

ir  of  milk  may  be  obtained  by  the  following 
^:  JUet  fresh  whey  be  cvaporcitd  to  the  consist- 
honey,  and  then  allowed  to  cool  i  h  concretes 
9lid  mass.  Dissolve  litis  mass  in  water,  clarify 
the  white  of  eggs»  filter  and  evaporate  to  the 
ipnce  of  a  syrup  ;  it  depositee  on  cooling  a  num- 
Plttilliant  white  cubic  crystals,  which  are  jygar  of 
Fabricius  Bartholdt,  an  Italian^  was  the  first  £u> 
lO  who  mentioned  this  sugar.  He  described  it  in 
Zncychp^cUa  Hcrmetlco  Dogmattca^  pobJi^hed  at 
Dgnia  in  1610  ;  but  it  seems  to  have  been  known 
iia  long  before  that  period*  For  the  bchi  account 
properties  we  are  indebted  to  Mr  Lichtensttin* 
ben  pure  it  has  a  white  colour,  a  sweetish  taste,  Pnifertiei. 
b  smell.  Its  crystals  are  semi  transparent  regular 
Mopipeds,  terminated  by  four- sided  pyramids.  Its 
gravity,  at  the  temperarurc  of  bb^,  h  1'543- 
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Book  V.  At  that  temperature  it  is  solable  in  seven  times  iti 
weight  of  water ;  but  is  perfectly  insoluble  in  alcohol: 
When  burnt  it  emits  the  odour  of  caromel,  and  exhi- 
bits  precisely  the  appearance  of  burning  sugar.  When 
distilled^  it  yields  the  same  products  as  sugar,  only  the 
empjreumatic  oil  obtained  has  the  odour  of  benzoic 
acid*.  When  treated  with  nitric  icid  it  yitlda lackctk 
acid.  From  these  experiments,  it  appears  that  sa^ 
of  milk  is  specifically  different  from  eV^ky  kind  of  ^ 
getable  sugar  at  present  known  -H 
^0^-  2.  Honey  is  prepared  by  btees,  and  perhtpfe  ratbeirbe* 

longs  to  the  Vegetable  than  the  animal  kingifeiii.  h 
has  a  white  or  yellowish  colonfV  a  soft  and  grained  ooa^ 
sistenccy  a  saccharine  and  aromatie  Imell.  By  distiOt. 
tion  it  affords  an  acid  phlegm  and  an  oil,  and  its  ceil 
is  light  and  spongy  like  that  of  the  mutilages  of  plasts. 
Nitric  acid  extracts  from  it  oxalic  acid,  preclsdy  as  it 
does  from  sugar.  It  is  very  soluble  in  water,'  fvM 
which  It  forms  a  syrup,  and  like  sugar  passes  to  Ik 
vinous  fermentation.  Mr  Cavezzali  has  lately  afirawd 
that  honey  is  composed  of  sugary  mucilage»  and  an  acid. 
The  sugar  may  be  Separated  by  melting  the  hoaej, 
adding  carbonate  of  lime  in  powder  as  long  asanycf- 
fervcscenct  aj)pears»  and  scumming  the  solution  whik 
hot.     The  liquid  thus  treated  gradually  deposites  cfj"* 


«  Schecle,  il.  70. 

f  If  the  reader  wishes  a  more  detailed  account  of  tugar  of  milk,  Itf 
mtj  consalc  Lichtefiatcin**  Ahbandluitg^  published  8q>arately  io  1771,  ml 
Rouellc't  dikM^rcaciun  in  the  39tb  volume  oi  the  Jaur,  de  MedUme.    Am    \ 
abridged  Tiew  of  the  whole  huH  bccii  given  by  Morvcau  in  the  lit  vduoN    ' 
of  the  £iicyJ.  MetboJi^ve,  which  hsK  been  published  in  an  Eogliih  dntf 
I17  Mr  jDhttton  in  hit  Hhhry  •fAmbml  Cbemittry,  L  xtS. 
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his  of  sugar  wheo  allowed  to  remain  In  a  glass  ves-      Clbp.  t 
ri*.  ""^^ 

Accordtog  to  Proust,  there  are  two  kinds  of  honey  ; 
<we  always  liquid^  and  the  other  solid  and  notdeliqnes- 
ocot.  They  may  be  separated,  he  says,  by  means  of 
alcohol  f . 

3*  The  urine  of  persons  labouring  under  the  disease  Suearof 
known  to  physicians  by  the  name  of  diabetes,  yieldsi  ttrinc 
wheo  evaporated,  a  considerable  quantity  of  matter 
which  possesses  properties  analogous  to  sugar.  This 
seems  to  have  been  first  obsen^ed  by  Willis.  After- 
wards  the  subject  was  carried  somewhat  farther  by  sub* 
sequent  physicians*  But  it  is  to  Mr  Cruiksbanks  that 
we  arc  indebted  for  the  most  valuable  set  of  experi- 
meuts  on  the  subject.  In  this  case  he  extracted  from 
ttrtoe  about  ^r^h  of  its  weight  of  a  sweet-tasted  extract 
like  honey.  When  treated  with  nitric  acid,  it  yielded 
the  same  proportion  of  oxalic  acid  as  an  equal  quantity 
qf  common  sugar  would  have  done,  making  allowaace 
for  t)ie  saline  substances  present.  No  saclactic  acid  was 
fbrmed.  Hence  ii  follows  that  this  substance  is  not  ana^ 
Ipgoas  to  sugar  of  milk,  but  nearer  common  sugar  ia 
its  properties.  It  has  been  supposed  incapable  of  cry-- 
suUiring  regularly  like  common  sugar.  But  1  have 
seen  it  prepared  by  Dr  Wollaston  in  small  grains  ha- 
ving almost  exactly  the  appearance  of  common  white 
sugar.  Nicolas  affirms  that  when  treated  wiih  lime  it 
ia  decomposed  |.  If  so,  it  certainly  diffcfrs  essentially 
from  common  sugart  which  Cruikshanks  first  proved  to 
be  capable  of  uniting  to  lime  without  decomposition. 


•  Amt,  it  CBim.  ixxh.  I  to. 
I  A»ti»  de  Chimm  ill  V,  64* 
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4*  Tbeoaxd  his  lately  dercctcd  ai  pccuIUr  matter  || 
bile,  which  he  considers  as  saccharioe.  I  shall  give«| 
accouat  of  its  pro[>erde$  wIkq  treatiog  of  that  aaiat) 
fluid. 


SECT.  vn. 


«eu. 


The  oily  substsmcei  foutid  fn  afitintlt  hcloog  afl  t^llie 
dtis  of  fixed  oilf .  They  differ  very  nmch  in  their  eat* 
sistence,  being  foofkl  in  every  intermediate  state  from 
spermaceti^  which  i*  perfectly  solid,  Id  tratn  otl^  whtcfi 
19  completely  liq«id.  The  mojt  important  of  them  »t 
the  followifig  : 

1.  SptrmaceiL — This  pecwlisr  oily  suhstanee  iifmifl4 
in  the  cranium  of  the  phyaUr  mnerQccpknbtJ^  m  tper* 
maceti  whale,  it  ta  obtained  also  from  some  ot1ier't|)e- 
d0t«  At  first  it  is  milted  with  tome  liquid  oil,  which 
is  separated  by  me;in«  of  a  woollen  bag.  The  lastpor* 
tions  are  removed  by  an  alktline  ley,  %n^  the  apenai* 
^f^perticf.  cell  is  afterwards  pmiBed  by  fusion.  Thus  obtatoedil 
is  a  beautiful  white  substance,  ustially  in  small  scileii 
very  brittle,  has  scarcely  any  tasfe,  and  hot  Hftlc  smelL 
It  is  diatingui&hed  from  all  other  fatly  bodies  by  tk 
crystalline  appearance  which  it  always  assomcs.  It 
melts,  according  to  the  experiments  of  BosTock,  at  the 
temperature  of  112''^.    When  sufficiently  heated  it  mij 
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be  distiticd  over  without  much  atterfttton  i  bat  when 
distilled  repe^tedlj  it  loses  its  solid  form  and  becomes 
»  liquid  oil  ♦.  From  the  experiments  of  Thouvencl  and 
Creil^  we  learn  that  bj  repeated  distillatioo  it  i&  partly 
decomposed,  and  a  brown  acid  liquid  obtained.  It  is 
soluble  in  boiling  alcohol,  but  separates  again  as  the 
solution  cools.  About  150  parts  of  alcohol  are  necei- 
aarj  to  dissolve  itf.  £ther  dissolves  it  cold,  and  very 
rtptdly  when  hot ;  on  cooling  the  whole  concretes  into 
a  solid  masst*  It  dissolves  also  in  hot  oil  of  lurpen* 
title,  but  precipitates  again  as  the  liquid  cools  ^. 

The  ftcids  have  scarcely  any  action  on  it ;  bat  it 
unites  readily  with  the  pure  alkalies,  aii  was  shown 
long  ago  by  Crell,  and  the  fact  has  been  lately  coniirm* 
ed  by  Dr  Bostock.  With  hot  ammonia  it  forms  an 
enHilston  which  is  not  decomposed  by  cooling  nor  by 
watery  bat  the  spermaceti  is  immediately  thrown  down 
hf  the  addition  of  an  acid  ||.  It  dissolves  sulphur^  and 
i%  dissolved  by  the  fixed  oils.  When  long  exposed  to 
the  air  it  becomes  yellow  and  rancid.  This  substance 
is  employed  like  wax  and  tallow  for  making  cat^dles. 
It  is  said  also,  that  if  bits  of  caoutchouc  be  thrown  into 
it  while  melted,  they  are  dissolved,  and  form  a  com* 
pomrd  which  answers  remarkably  well  for  luting  ves- 
selslf. 

2,  fa#.— This  substance  is  found  abundantly  in  dif- 
fcrent  parts  of  animals.  When  pure  it  possesses  the 
properties  of  the  fixed  oils*     Its  coasistence  varies  from 
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ittttfD  tmismdfwhk^is  britile^  io  iag^tJmrJ^  jiHui 
■Df t  i«iHli  iemifluicL  i>  To  obttin  >£al  pfdtii^  ^  it)  4t ;« 
mmU  pioQcs,  well  twasked  io  watergr  «ii  the««cq 
ndasKpanai  and  veascla  separalied.  jIt  it  thmii  n«lt 
ft  elMiliaWiVesii^l  along  wilk some  i^aief^  ivi^lli^^ 
cd  tUl  the  water  is  compkle})rwevi(i09iled«^^^  Xhi 
safied>itia  white^  ustelcas^  andv^earlj.iosipjvk^o  m 
V  DifiSeceQt  kinds  of  il  iiqtiefy  atdiflTerenl  Mtfapjrjl 
Lard.flii^UaljQ;t^;l>utthe  fiit  extcactod»fccM*«B| 
boiiing  requires^  aecovdin^.^o  ^chobti!,  a.kfiMf  | 

When  beaind  to  about  400^1  U  begioa  W  op^lM 
■nokc^  jwbicb  beoome*  move  cofMOM^  aii4^iM|^ 
grecaUe^at  the  beat  inarcaaef,;  at  tbQju^o^^iiinjy 
eotDcasUaokiah,  owing  doubtleaa  totfapdocon^ffft^ 
a  poction  of  it  aod  the  evolution  of  90019 ,.44PMri 
it  be  now  cooled  it  becomes  more  brittle  «ii|4e94ij|| 
at/firif.  Wbeo  bog's  lard  is  distilled  iu  ^It;  ii||| 
obtain £rst  a  portion  of  .water,  and  tbei|>^4«4l||||| 
which  ooacretea  in  thie  receiver  into  9ni^|y|||| 
bolost  and  a.  black  mass  remains  in  the  ret^^  .-^ 
the  whole  process  abundanqe  of  carb^J^feAJygb 
and  carbonic  acid  come  over,  which  l^avc^  *  TTm 
minable  odour*  \yhen  the  vessels  are  ttn)l^e^ 
emit  an  odour  so  detestable  and  powerful  th^;j||^ 
solutelj  impossible  to  endure  it.  It  was  for 
posed  that  this  odoor  was  exhaled  by  the  tpl; 
formed  during  the  process ;  but  Thenard  ^b|^^ 
Ibis  to  be  a  mistake^  We  must  therefore  aacrUjUi 
an  empyreumatic  oil.  The  smell  does  not  audi 
disappear.  During  this  distillation  acetic  acid  ti 
engaged,  and  likewise  some  sebacic  acid,  which  tal 
in  solution  in  the  receiver  mixed  with  the  oil. 
These  products  demonstrate  the  peculiar  oatii 
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3*  Trma  oiA — Thu  liquid  is  cxtrtcied  from  ihc  blalk 
bcr  of  the  whalt,  and  from  ollifr  fifth.  It  formt  m  yftrj 
itDportluit  BJticU  of  cammercfi  briti^  emplo^red  for 
combutiion  in  lampsp  snd  far  olher  purposes.  It  ii  »t 
first  thick ;  but  on  &Uindfng,  a  while  muulftginotit  nigt- 
ter  is  dcpoftitcd.  and  the  oil  becomet  iraitfipsrcat.  It  ti 
then  of  a  reddith  brown  colour,  und  bus  «  disagrec«blt 
smell.  If  it  be  sgitaicd  with  a  little  kulphuricMd,  «u4 
Ihen  mixed  with  water ^  the  oiU  when  aUowcd  to  ictile, 
swims  on  the  »urf«ce^  of  a  much  lighter  coloiir  thaa 
before,  the  water  continve^  milkyp  aod  a  curd/  onilcf 
15  ob&ervod  switnmitig  betinreeTt  the  oil  and  watcr«  Tbis 
method  has  bteo  employed  tor  piirifyiag  the  oiI»  la 
make  it  more  proper  for  burning  in  1mm pa.  Various 
other  methods  have  been  employed.  The  most  imports 
ant  are  those  recommended  by  Mr  Dostie*. 

4*  Sfierfftac^ti  ^iJ,-~Th\s  is  the  oil  which  lepa/atef 
from  api-rmaccti  during  the  purification  of  it.  It  ii 
much  purer  tlian  train  oilp  and  therefore  answers  bettcf 
for  burning  in  lamps. 

5«  Bi^ttir  possesi^cs  all  the  characters  of  a  iixed  oil , 
but  as  It  is  not  found  ready  formed  in  any  animal  ipb* 
8UQce»  the  detail  of  its  properties  btlongs  to  the 
Chapter* 

6«  Oiyo/an^i.-^Margraff  obtained  this  oil  by  i 
rating  i\\c  formica  m/a  in  water,  and  distiUing  off  ODC* 
half  of  the  liquid.  The  oil  was  found  swimming  up- 
on  the  surface  of  the  watrr  in  the  rccei%irr.  It  is  Jr- 
^uid|  and  dissolves  completely  In  alcohol.     Its  tJisk  v 


tiQt  hot,  but  it  has  a  peculiar  smell.  It  appears  to  be 
ifitcrmediaie  between  fixed  and  volatile  oils  io  its  pro- 
perties  *• 

1.  lliough  all  the  oily  bodies  found  !n  animal  sub* 
stances  belong  to  the  class  of  fixed  oils,  yet  there  is  a 
peculiar  volatile  oil  which  makes  its  appearance,  and 
which  is  doubtless  formed  during  the  distillation  of  dif- 
ferent animal  bodies*  Though  this  oil  has  now  lost 
that  cclebritjr  which  drew  the  attention  of  the  older 
chemists  to  it^  yet  as  its  properties  are  peculiar^  a  tliort 
account  of  it  will  not  be  improper  It  is  usiimlljr  called 
the  animal  oil  ^/ Dif>ptlt  because  that  chemist  6r$t  drew 
the  attention  of  chemists  to  iu  It  is  usually  obtained 
from  the  gelatinous  and  albuminous  parts  of  animals. 
The  horns  are  said  to  answ^fr  best*  The  product  of 
ibc  first  disUllation  is  to  be  mixed  with  water,  imd  di#* 
tilled  with  a  moderate  heat :  the  oil  which  is  first  ob* 
taioed  Is  the  animal  oil  of  Dippel* 

It  is  colourless  and  transparent  ^  its  smeli  is  strong 
and  rather  aromatic  ;  it  is  almost  as  light  and  asirolatile 
as  ether  ^  water  dissolves  a  portion  of  it  i  and  it  changef 
syrup  of  violets  green,  owing,  as  is  supposed^  to  its  coo« 
laining  a  little  ammonia.  The  acids  all  dissolve  it,  and 
form  with  it  a  kind  of  imper&ct  soap.  Nitrous  acid 
•ets  it  on  fire.  It  forms  with  alkalies  a  soap.  Alco- 
hol, elherj  and  oils  unite  with  it.  When  exposed  lo 
the  air  it  becomes  brown^  and  losei  its  transparency. 
It  vras  formerly  used  as  a  specific  in  fevers  f. 
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9uBSTA]fCES  resembling  resiDs  arc  found  in  diSereat 
animal  bodies  ;  and  which,  for  that  reason,  majrbecalU 
cd  animal  rtsinx^  Their  propertief  arc  somewhat  dif* 
ferent  from  the  vegetable  resins,  but  they  have  not  been 
all  examined  with  precision.  The  following  are  the 
tnost  remarkable  of  these  substances. 

'  1,  Riiin  of  hilt . — This  substance  may  be  obtained  bj 
the  following  process  :  Into  32  parts  of  fresh  ox  bile 
poor  one  part  of  concentrated  muriatic  acid*  After  the 
mixture  has  stood  for  some  hours,  pass  tc  through  a  fil> 
tcr,  in  order  to  separate  a  white  coagulated  stibstaoce* 
Pour  the  filtrated  liquor,  which  has  a  fine  green  coloor« 
into  a  glass  vessel,  and  evaporate  it  by  a  moderate  heit. 
When  it  has  arrived  at  a  certain  degree  of  conoentri- 
tion,  a  green* coloured  substance  precipitates*  Decant 
ofFthe  clear  liquid,  and  wash  the  precipitate  in  a  imill 
quantity  of  pure  water,  -  This  predpitate  is  the  hasiiof 
hile,  or  the  reiin  of  biit^  as  it  is  sometimes  called  •. 

The  resin  of  bile  is  of  a  dark  brown  colour ;  hot 
when  spread  out  upon  paper  or  on  wood,  it  is  a  fine 
grass  green  :  its  taste  is  intensely  bitter  f . 

When  heated  to  about  122**  it  melts ;  and  if  the  beat 
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ht  still  farttier  increased  it  takes  fire  aod  bums  with  ra* 
pidity^  It  is  soluble  in  water,  both  cold  and  hot,  and 
Btill  more  soluble  In  alcohoU  but  water  pft^cipitaies  it 
from  that  liquid  ** 

It  is  soluble  also  in  alkalies,  and  forms  with  them  a 
compound  which  has  been  compared  to  a  soap*  Acids, 
when  sufficiently  diluted,  precipitate  it  both  from  water 
md  alkalies  without  any  change  |  but  if  thejr  be  con* 
Centrated,  the  precipitate  is  rcdissolved  +. 
'  From  these  properties,  it  is  clear  that  the  rcslft  of 
bile  has  a  considerable  resemblance  to  vegetable  I'esiiif  ; 
hot  It  differs  from  them  entirely  in  several  of  its  proper- 
lies.  The  addition  of  oxygen,  with  which  it  combines 
l-eadily,  alters  it  somewhat,  and  brings  it  nearer  to  the 
fclass  of  oils. 

»  In  this  altered  stale  the  resin  of  bile  may  be  obtained 
hj  the  foHowing  process  :  Pour  oxymuriatic  acid  cau- 
tioiisly  into  bile  till  that  liquid  loses  its  green  colour  i 
{hen  pass  it  through  a  filter  to  separate  some  albuxDen 
tirhich  coagulates.  Pour  more  oxymuriatic  acid  into 
Ibe  filtered  liquid,  and  allow  the  mixture  to  repose  for 
iDme  lime.  The  oxymuriatic  acid  ia  gradually  con«« 
terted  into  common  muriatic  acid ;  and  in  the  mean 
fime  the  basis  of  bile  absorbs  oxygen,  and  acquires  new 
^operiies*  Pour  into  the  liquid,  after  it  has  remained 
i  snfficieot  time,  a  little  common  muriatic  acid  ;  a  white 
irecipitatc  immediately  appears,  which  may  be  separa- 
kd  from  the  fluid.  This  precipitate  is  the  basis  of  bile 
pnnbined  with  oxygen. 
1   li  has  the  colour  and  the  consistence  of  tallow,  but 
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Btilt  rtUms  its  biUcr  taste.    li  omIu  at  tUe  iempei 
of  104^.     If  disM>lv^es  rradilx  in  alcabolf  mnd  eveii 
water^  provided  it  he  z%%i%itd  \>y  btsat^     Adds  jif«cifi» 
tatc  it  from  these  solutions  *. 

The  resinom  tubuance  diicovcnid  by  Praoat  b  bu- 
rn ane  urine  dors  not  seem  to  differ  much  from  tbe  roai 
of  bile.  £ar*wax  aliOi  Irom  the  ejcperimctits  of  Vaa* 
ijoeliD,  contiins  a  resin  whieii  posscssei  the  iaaie  pio* 
perties. 

2.  j4mif*rgru.^i^Thi%  sub&tancc  U  found  fioat^g  j^ 
the  se%  near  the  coaiti  of  Indta^  Africa^  and  BriflP^ 
\i%unllj  in  smsiU  pieces»  but  tocoetimes  in  maaaei  of  ^ 
or  100  pounds  weight.  Varioui  optnioni  have  bcqi 
entcrtaiaed  concerning  ita  origin*  Socne  affiroied  ibti 
it  was  tbe  concrete  juice  of  a  tree  f  ;  otheri  thoogiilit 
a  bitamt n  i  but  it  is  now  considered  as  pretty  well  eilu 
bljsbcd»  that  it  is  aconcrttion  formed  in  the  atomadltf 
intestines  of  the  fihy^tter  macroctpbaiui^  or  ap«riiiAcHi 
whaJe  t* 

Ambergria  when  pure  is  a  light  soft  substance  irbtdi 
swims  on  water*  Its  ipccific  gmritj  varies  from  0'7I 
to  0*02»  according  to  Bri%son  \  Buuillon  La  Grange^  wba 
has  latelj  published  an  smalysia  of  it^  fotuid  its  specifie 
grivttj  from  0*a49  to.p*844  {.  Its  oolour  ia  ash  grefA 
with  brownish  jellow  %nd  white  streaks.  It  haa  ao  a* 
gieeabk  smcU,  which  improves  by  keeping.  Its  tail 
is  insipid. 

Wliea  heated  to  122^  it  melts  without  f rothiag  }  it 


•  Fottrcrof  ♦  X**.  W  Chim,  vii.  i  ji. 
f  See  ihc  New  Abridgement  of  the  i*ii/.  !>#•«,  ii*  t^, 
>  t  Sre  PM,  Truttf,  voU,  sixiii  nsvlii*  af»d  t€* 
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be  increased  to  212^,  it  h  voladlia^ed  com^     Chap-Li 
ily  in  a  white  smoke,  leaving  onlj  a  trace  of  char- 
,     When  dt»uJled,  we  obtaia  a  whitith  acid  liquid 
^ight  volatile  oil ;  a  bulky  charcoal  remains  be<* 

ia  insoluble  in  water.  Acids  have  little  action  o« 
Weak  sulphuric  acid  occasions  no  change  ;  hai 
n  concentrated  il  developei  a  HttJe  chj^rcoaL  Ni» 
acid  dissolves  it,  giving  out  at  the  same  time  nitrous 
catbonic  acid,  and  azotic  gas.,  A  brownish  liquid 
irmedy  which  leaves,  when  evaporated  to  dryness, 
iale  brown  substance,  possessing  the  properties  of 
B[^  The  alkalies  ditsolye  it  bjr  the  assistance  of 
,  and  form  a  soap  soluble  in  water*  Both  the  fixed 
volatile  oils  dissolve  ambergris.  It  is  soluble  also 
thcr  and  alcohol  f , 
/'hen   100   parts  of  anfibcrgris   are   macerated   for   Anilpi^ 

P^four  hours  tn  |6  parts  of  alcohol,  the  liquid 
S  a  deep  yellow  colour.  By  repeating  the 
tessy  the  alcohol  takes  up  the  whole  that  is  so- 
e*  Hot  alcohol  dissolves  the  rest^  except  a  little 
gr  matter  easily  separated  by  filtration.  It  Weighs 
^rts*  The  cold  infusions  of  alcohol  being  evapora- 
to  dryness,  there  remains  a  brown  brilliant  sub* 
De,  whioh  is  readily  melted  by  heat,  and  which  vo- 
JKS  completely  when  put  upon  hot  charcoal.  This 
■ice  possesses  the  properties  of  a  resin*  It  a- 
Hb  to  30*B  parts.  It  is  preetpitattcl  from  alcohol 
KtcT,  leaving  a  portion  of  benzoic  acid,  which  may 
y^ewise  separated  from  ambergris  by  heat,  and  by 
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the  uiual  process  by  whicli  it  it  extracted  from 
It  amounts  to  ll'l  parts.  When  the  hot  alcohol  u* 
ftittoa  is  aUowcd  to  cool,  it  lets  fall  the  portioii  of  tm- 
bcrgris  which  it  held  m  solution.  This  substance  ts 
of  a  pale  yellow  colour,  and  easily  softens  by  belt. 
When  slowly  cooled^  it  assumes  a  lamellar  form*  It 
possesses  the  properties  of  the  htiy  matter  into  lirludl 
the  muscles  are  converted  by  nitric  acid«  and  whadi 
makes  its  appearance  when  dead  bodies  arc  allowed  1o 
putrefy  in  great  numbers  together.  This  substance  hi 
been  distinguished  by  the  name  of  oMfiackf^  from  ill 
re&emhlauce  both  to  fat  and  tvax.  The  cjiuaiitiiy  of  ll 
in  ambergris  amounts  to  52*8  parts.  Such  is  tbeana* 
lysis  of  ambergris  made  by  Bouillon  La  Grange.  Till 
substance^  then,  according  to  that  chemist,  is  compoici 
of 52*1  adipocire 

30*8  reaia 

11*1  benzoic  acid 
•  5*4  chafctjal 


100*0* 

5.  Pr^oiisn      This  is  a  substance  collected  hj  htu 
newly  placed  in  a  hive.      They  employ  it  to  cover  the 
bottom  of  the  hive,  and  to  coal  over  all  foreign  lok 
stances  which  are  too  heavy  to  be  fosoved.     T!;e  kco 
bring  it  on  their  legs  and  feet ;  lo  which  it  adheres  19 
strongly  that  the  insect  cannot  exlricaie  iiaelf ;  bm  i» 
associaiea  pull  it  off  with  thetr  jawt,  aod  apply  it  loiiB- 
mediate  tise.      It  is  probably  a  vegetable  prodoetiaa) 
boi  as  this  is  not  known  for  certain,  and  as  si  is  pcepi» 
red  by  animals,  1  have  reserved  4MUisoi  of  its  pro* 
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is  pUce.      Vauqudin  bas  lately  subjected     CTtfp>  I- 
^al  analysis. 

i  soft  and  ducttle,  but  it  gradually  hardens  ftopcrtlet. 
^•pd  becomes  solid.  In  large  masses  It  appears  black* 
ish  ;  but  in  thin  pieces  U  is  semi  transparent.  The  heat 
of  the  fingers  is  sufBcient  to  soften  it,  and  give  it  the 
dtictility  of  wax ;  but  it  is  more  ropy  and  tenacious. 
It  is  tastdtessy  but  has  an  aromatic  odour  simttar  to  that 
of  balsam  of  Peru.  When  macerated  in  alcoholf  tt 
tinges  the  liquid  of  a  deep  red  colour ;  and  by  repeating 
the  maceration!  the  portion  soluble  is  separated.  Boil- 
ing alcohol  dissolved  another  portion  of  it ;  and  by  re- 
peated decoctions  ICO  parts  of  propolis  were  reduced  to 
!♦,  which  consisted  of  extraneous  bodies.  All  the  al- 
coholic soJntions  were  mixed  and  passed  through  a  fine 
itraineri  which  separated  the  portion  that  precipitated 
the  decoction  cooled.  This  substance,  when  proper* 
y  drted^  possessed  the  properties  of  wax.  The  alcohol 
as  now  concentrated  by  distillation,  then  mixed  wiih 
^aterp  and  boiled.  A  resinous  mass  was  obtained  of  a 
brown  colour,  semi  transparent,  and  very  brittle.  It 
ghed  57  parts.  The  water  in  which  it  had  been 
led  contaioed  an  add,  probably  the  benzoic.  By  dis- 
tion  the  resinous  matter  yielded  a  volatile  oil,  and 
ime  harder.  This  resin  ts  soluble  in  fixed  and  vo- 
oilst  and  very  similar  in  its  properties  to  the  rei 
balsam  of  Peru.      Thus  lOO  parts  of  propolis 
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4'  Castor,  This  substance  i%  obttiaed  from  ibe  bti. 
ver.  In  each  of  the  io^uioal  r«gioiu  of  that  aniaal 
there  are  two  bagf^  a  large  and  a  tmtU.  Tbe  largo  oai 
con  taint  the  true  castor  i  the  tmall  one  a  aobitttKi 
which  ha»  some  rttemblance  toitf  but  which  Uia  aiock 
leas  estimation  *  We  are  i  ndcbted  to  Bouillon  La  Gruye 
for  a  act  of  ejcperiments  on  it  f. 

Cantor  is  of  a  yellow  colour ;  and  wbcJi  oewly  laica 
ijrom  the  aoimal  it  ii  nearly  Aiaid*  Bui  by  expomre  to 
ilie  aimoiphere  it  gradually  b«rdflp%  bocoiBCf  dnibir 
coloured^  and  ataumea  a  rctioous  appcanocc.  Jba  mM 
it  bitter  and  acrid^  and  its  odour  strong  and  a,rociiii3(. 
In  water  it  softens,  and  tinges  the  liquid  of  «  pikyit 
low  colour.  The  infusioa  gives  a  greea  ooloiiff  |a  va- 
getable  blue%  and  contains  an  alkali*  Bjr  losg  CMli* 
nuod  fiiaccrstion  a  deeper  coloured  infuston  ssol 
which  yields  a  dry  extract  of  a  tortoise  shell  odbitrt 
luble  in  ether  and  alcohol*  Water  precipttstcia 
nous  substance  from  tho  akobol*  From  the  moa^ttsof 
Bouiibn  La  Grange^  wc  Itara  tfaait  castor  Gootakia  Iha 
following  ingredients : 

1*  Carbonate  of  potash 

2*  Caibonate  of  lime 

5.  Carbonate  of  ammonia 


I 
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4.  Iron 
5*  Resin 


e*  A] 
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extractive  matter 


mucilagii] 
volatile  oil 
of  the  resin  sre  analogous  to  those  of 


!•  A  vola 


The   properties 
the  resin  of  bile, 

5*  Civti. -^Th'iB  substance,  like  the  last,  is  obtained 
froto  the  inguinal  region  of  the  civit  cat^  It  is  squee- 
zed otit  of  the  cavity  where  it  is  secreted  every  other 
day.  It  is  employed  as  a  perfume,  hut  has  not  httfofrto 
cfi^ged  the  attention  of  chemists.  Its  colour  is  yellow  { 
M  consistence  that  of  butter  \  its  smell  m  strong  as  to 
fefe  agreeable  only  when  much  reduced  by  mijcture  with 
other  bodies.  It  unites  readily  with  oils,  but  is  said 
not  to  dissoh'e  in  akohoK  In  that  case  it  ought  to  be 
excloded  from  the  class  of  resinous  bodies. 

0,  MsJif^This  substance  is  secreted  into  a  kind  of 
bag  situated  in  the  umbilical  region  of  the  quadruped 
cmUed  moithus  m^ihifer.  Its  colour  is  bt o wnish  red  ; 
ft  feels  unctuous  ;  its  taste  bitter;  and  its  smell  aroma*- 
tie  and  intensely  strong.  It  is  partially  soluble  in  wai- 
ter, which  acquires  its  smell ;  and  in  alcohol,  but  that 
liquid  does  not  retain  the  odour  ol  musk.  Nitric  and 
mlphoric  acids  dissolve  it,  but  destroy  the  odoun  Fix- 
icd  alkalies  develope  the  odour  of  ammonia.  Oils  do 
not  act  on  it.  At  a  ;rrd  heat  it  has  the  same  fetid 
fmcll  as  urine  *.  Its  component  parts  have  not  been 
•sieertained. 

7*  Theybn9iir/i  rmfa^  or  red  ant|  coniains  aJaa  a  pe* 
cttliar  resin,  as  has  been  proved  by  Fourcroy  and  Vau* 
quelin  f . 
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\rfffi8E  two  simple  combustibles  constitute  a  pin  ci 
many  animal  substances  ^  but  in  what  state  of  combtni* 
tion  thej  exist  in  them  has  not  been  ascertained.  All 
that  can  be  done  therefore  at  present  is  to  mentioo  usmt 
of  the  bodies  from  which  they  maj  be  separated. 

|«  Sulphur  seems  to  be  a  never-* failing  atteiidmiitoa 
albumen,  in  whatever  part  of  the  body  that  substance 
exists  as  a  constituent.  Scheele  ascertiiiied  its  presence 
in  the  white  of  an  egg  and  in  milk  *  ;  Parmentier  and 
Dcyeux  in  the  blood  f  i  Proust  in  urine  and  faicesi  in 
ihe  muscles,  in  hair,  £cc.  and  be  has  made  it  pfobabk 
that  sulphur  is  mixed  with  the  matter  which  is  iiins- 
pirtd  from  the  body  t*  This  chemist  informs  us,  thit 
in  the  blood  it  is  combined  with  ammottia  in  the  state 
of  hydrosulphuret  of  ammonia;  but  whether  it  beio 
ihe  same  state  in  other  parts  of  the  bodj  ts  ool  koow% 

2.  Phosphorus  exhales  froq>  diiferent  autmal  bodtis 
during  putrefaction  in  the  state  of  phosphureted  hydro* 
gen  gas,  and  of  course  must  have  been  a  cooititucat 
part  of  these  b<Klie$»     The  luminous  appearaocc  vhidi 
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SIfi  animals  exhibit  seems,  in  several  tnttatices,  to  be 
ing  to  the  presence  of  this  verjr  combustible  sub* 
nee  :  But  the  experiments  hitherto  made  upon  these 
imals  are  not  sulHcieotlj  decisive. 
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SECT.  X. 


or  AC  ij>  s. 


HE  acids  which  have  been  discovered  read/  formed,   acMi. 
I  constituting  a  part  of  animal  bodies,  are  the  foK 

ring: 

1.  Phosphoric  i,  Rotacic 

2.  Sulphuric  s.  Amniotic 

3.  Muriatic  0.  Oxalic 

4.  Carbonic  10.  Formic 
5«  BcDz^oic  11.  Acet  o 
a.  Uric  la-  Malic. 

i«  The  phosphoric  acid  is  by  far  the  most  abundant   PKotphofk 

dl  the  acids  found  in  animals*    Combined  with  lime, 

x»iistitutes  the  basis  of  bone  ;  and  the  phosphate  of 

m  is  found  in  the  musclesf  and  almost  all  the  solid 

;ta  of  animals  ;  neither  are  there  many  of  the  fluids 

ni^hich  it  is  absent.     In  the  bloody  phosphoric  acid 

SaiiEid  combined  with  oxide  of  iron  j  and  in  the  urine 

xials  in  excess^  holding  phosphate  of  lime  in  solution. 

U  Sulphuric  acid  can   scarcely  be  considered   as  a   Suiphork* 

iponent  part  of  any  of  the  mbstances  belonging  to 

human  body.      It  is  said,  indcedi  to  occur  some^ 
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limei  in  w ioc  combined  with  se<l«.  It  i«»  iHMwrwr^  i 
very  cofximoii  cotistitiieni  of  the  Ikjmd  cooumti  of  the 
inferior  afiiroalf #  Thoj  sulphate  of  sods  it  fotmd  »  lit 
liquor  of  the  atnniot  of  eows^  and  solphate  of  It 
curs  usualty  in  the  nrine  of  qttadrupcd$* 

3.  Muriatic  acid  occurs  in  most  of  the  fluid 
substances,  and  is  almost  always  combined  wtth 
constituting  common  salt* 

4.  Carbonic  acid  h«ii  been  detected  to  £reih  hnma 
urine  by  Proust,  and  it  occurs  in  the  urine  of  hones 
aod  cows  abundantly,  partly  combined  with  iitnc. 

5i  Benzoic  acid  was  first  discovered  ia  bniniis  ortiie 
by  Scheelc  ;  and  Fourcroy  and  Vanquelin  have  fooad 
it  abundantly  in  the  itrtne  of  eowt*  Prnual  haa  da. 
tectcd  it  in  the  bloody  the  albumen  of  im  efg^  in  ghm^ 
ailk,  and  wool,  in  the  sponge,  different  species  ^tig^ 
and  even  in  fnoshrooms.  Tliis  chem tit  even  t hides  it 
probable  that  it  is  a  constituent  of  all  subvtancea  width 
coDtain  azote  *«  Or  more  probably  it  i§  femkcd  dmmg 
the  action  of  reagetus  on  these  substanoet.  M| 

41.  Urie^or  Itlhio  acid  was  dtacovcred  by  Scbielflr 
1176*  It  is  the  most  commoti  con^ritumt  4if  minm) 
calculi,  Mnd  exists  also  In  human  urine.  That  spfcie) 
of  calcuhis  which  retembles  wood  in  its  e^lmtr  astd  ip. 
pearance  is  composed  entirely  of  this  substavic^.  h 
was  called  at  first  liihre  acid  i  bat  thft  name,  in  ctHHe* 
ijiaefloe  of  the  remarks  made  by  Dr  Fcanon  ini  iu  %9k 
pfoprteiji  baa  been  laid  aside,  and  that  of  mrir  arid  loW 
Hlkiled  in  its  pisee  f . 
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i.  Rosacic*     During  intermittent  fevers  urine  depo*      CUmp,  L 


ailes  «  very  copious  precipiCatey  wliicb  bas  been  long  Roncic. 
kao^n  ta  phytacians  under  the  name  of  Uteriiwus  sedi* 
MMii  Tbis  tediinent  alwajs  makes  its  appearance  &t 
tlie  crisis  of  fevers.  In  gouty  people,  the  tame  sediment 
appears  in  equal  abundance  towards  the  uid  of  a  par« 
o3Ljsm  of  the  disease  ;  and  if  this  sediment  suddenly 
disappears  after  it  has  begun  to  be  depostited^  a  fresh 
mttack  may  be  expected  *.  Scbeele  Considered  this  se^ 
diment  as  uric  acid  mixed  with  some  phosphate  of  lime  ; 
uad  the  laioe  opinion  has  been  entertained  by  other  che- 
mists ;  bnt  Proust  afHrms  that  it  consists  cbieBy  of  a 
dairerent  substance,  to  which  he  has  given  the  name  of 
rosacU  acid  from  its  colour,  mixed  with  a  certain  pro- 
portion  of  uric  acid  and  phosphate  of  lime.  This  ro- 
sacic  acid,  he  informs  us,  is  distinguished  from  the  uric 
by  the  facility  wirh  which  it  dissolves  in  hot  waicr, 
the  violet  precipitate  which  it  occasions  in  muriate  of 
gold,  and  by  the  little  tendency  which  it  has  to  crystal. 
lizcf. 

8.   Amniotic  acid  has  been  lately  discovered  by  Vau-    Amniotic* 

qudm  and  Boniva  in  the  liquor  of  the  amnios  of  the 

cow,  and  may  be  obtained  in  white  crystals  by  cvapo. 

rating  that  liquid  slowly.   Hence  they  have  given  it  the 

fiaoits  of  amniotic  aeid.      It  is  of  a  white  nnd  brilliant 

toloor  \  its  taste  has  a  very  slight  degree  of  sourness  ^ 

it  reddens  the  tincture  of  turnsole;  it  is  scarcely  soluble 

in  cold  wacer^  but  very  readily  in  hot  water,  from  which 

it  separates  in  long  needles  as  ihe  solution  cools.     It  it 

t^oluble  also  in  alcohol,  e&peciaHy  when  assisted  by  heat* 
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0o«k  ^*     It  combines  readily  with  pure  tlkalie^,  and  fornxt  m  a 

stance  which  h  very  t olubte  in  w«tcr«     The  other  Mdt 
deeofopote  this  compound  ;  and  the  add  of  the  li^oot 
of  the  ainnioi  is  precipitated  in  a  white crj9taJ line 
der.    This  acid  dO€S  not  decompose  the  alkalinv 
nates  at  the  temperature  of  the  atmosphere  bm  it  does 
•o  when  assisted  by  heat*      It  does  not  alter  sohiliiMtt 
of  silver,  lead,  or  merciit  j,  in  nitric  actd.      When  ex* 
postd  to  a  strong  heat  it  froths^  and  eatbales  an  odear 
ofammoiua  and  of  pnassic  add.      These  properties  lie 
sufBcicnt  to  show  that  it  is  different  from  cirery  other 
RCid*      It  approaches  nearest  to  the  taclactic  and  the 
uric  adds  j  but  the  first  of  these  does  not  furnish  aift* 
monia  by  dlstillalion  like  the  amniotic  ;  The  uric 
is  not  so  soluble  in  hoi  water  as  tite  amniotic  i  it 
not  crystalUr^  in  white  brilliant  needles^  and  it  ts  i 
luble  in  boiling  alcohol:  in  both  which  respects  it  dtf^ 
iers  completely  from  amniotic  acid*. 

Q.  Oxalic  acid  has  hitherto  been  found  only  in  a  ftw 
urinary  calculi  by  VauqucUn  and  Fourcroy. 

ID.  Formic  acid  has  been  hitherto  found  only  ia  the 
formica  rufay  or  red  ant.  The  details  have  beeo  already 
given  in  a  preceding  part  of  this  Work. 

11.  Acetic*  This  add  has  been  detected  in  arine 
by  Proust*  It  exists  also  ia  the  formica  rvfa^  or  red 
ant,  as  has  been  demonstrated  by  the  experiments  of 
Fourcroy  and  Vauquelto.  It  appears  also,  from  die 
labours  of  these  philosophers  and  of  Thenard^  thai  the 
aeid  found  in  milk  is  the  acetic,  disguised  a  little  by 
holding  some  salts  io  solution. 
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12*  Malic  acid*     Thai  acid  has  been  lately  detected     Chap.  1« 
'by  Fourcroj  and  VauqucHn  in  the  acid  liquid  obtained    MaIU. 
.from  the Jormica  tufa.     When   this  liquid  is  saturated 
pn'ith  lime,  if  acetate  of  lead  be  dropt  into  the  solu* 
^lioOy  a  copious   precipitate   falls,  which   is  soluble  ia 
scetic  acid.     Fourcroy  and  Vauquelin  expo&ed  che  pre« 

Icipitate  to  the  proper  trials^   and  ascertained  that  it  was 
tnalate  of  lead. 

Besides  the  acids  enumerated  above^  several  others  Other  *► 
have  been  mentioned  by  chemical  writers.  The  truth 
ii^  that  a  variety  of  acid  liquors  have  been  observed  in 
maiinalt  \  but  as  these  have  not  been  examined,  we  do 
pot  know  whether  they  are  peculiar  substances,  or 
mexcly  some  of  those  already  enumerated.  Chaussier, 
in  1181,  pointed  out  an  acid  in  the  silk  worm,  which 
bas  been  called  Somite  acid^*  But  the  list  of  its  pro- 
P«rtica  which  he  has  given  is  altogether  insufHcient 
ilo  oonatitute  it  a  peculiar  substance ;  and  all  subsequent 
acoounts  of  it  which  I  have  seen  are  mere  repetitions 
of  the  original  paper.  Dehne  obtained  an  acid  from 
the  insects  called  melot  proscarahitus  and  majaiit,  Chaus- 
sier  obtained  an  acid  from  the  grasshopper  and  the  bug^ 
In  abort,  acids  are  obtained  from  many  of  the  insect 
tribe  i  and  from  the  experiments  published^  it  ts  ex< 
^tremely  probable  that  in  most  of  these  insects  the  acid 
t  ibe  acetic* 
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SECT.  XL 

or  ALKALIES,  EARTHS,  AND  METALS. 

I.  AxL  the  alkalies  have  been  found  is  the  tmkd 
animals. 

I.  Potash  is  rather  nacommon  in  the  hainan  floidfj 
but  it  has  been  detected  in  the  aailk  of  cows,  and  it  hn 
been  found  abundantly  in  the  urine  of  quadrupeds. 

Soiau  2.  Soda  exists  in  all  the  fluids,  and  seems  alwap  tt 

be  coabined  with  albumen.  Phosphate  Mid  muriate  of 
soda  are  also  found.  It  is  this  alkali  whidi  gives  ani- 
mal fluids  the  property  of  tinging  Tcgetable  Ubs 
green. 

3.  Ammonia  has  been  detected  by  Proust  in  nrine^ 
and  it  is  formed  in  abundance  during  the  patrefaetioo 
of  most  animal  bodies. 

II.  The  only  earths  hitherto  found  in  animals  sr 
lime,  magnesia,  and  silica. 

1»  Lime  exists  in  great  abundance  in  all  the  Isrgtr 
animals.  Combined  with  phosphoric  acid,  it  coostitats 
the  basis  of  bones,  while  shells  are  composed  of  carbo- 
nate of  lime.  Phosphate  of  lime  is  found  also  in  the 
muscles  and  other  solid  parts,  and  it  is  held  in  solution 
by  almost  all  the  fluids. 
Magnetic  2.  Magnesia   h:is  been  detected  in  homan  urine  bj 

Fourcroy  and  Vauquelin,  combined  with  phosphoric 


icid  IID4  ammonia.      It  constitutes  also  sometimes  a     Oiap.  i. 
c|XEipoo<nt  paft  of  the  uriaary  calculi*  ,^    i  rtu* 

S*  Silica  lias  not  hitherto  bceii  detected  la  anj  of  the  ^*^^ 
coinppneiit  parts  of  animals^  except  hair ;  but  Fourcroy 
ttid  Vauqudin  found  it  in  uxlatry  calculi* 

IIL  The  metals  found  in  animals  are  two^  namelyi 
iroa  and  manganese. 

1.  Iron  combined  witb  phosphoric  acid  is  aconstU  1<^^ 
lueni  part  of  the  blood.     Its  presence  was  first  ascer* 
tained  by  Maoghini,  who  proved  at  the  same  time  that 
h  does  not  ej^ist  in  the  solid  parts  of  animals.     It  is  said 
to  exist  also  ia  bile. 

2*  Manganese  has  been  foii^«J  in  huma^  hair,  bat  Mac^tmiie; 

rcely  in  any  other  animal  substance. 
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OF  AVtMAL  PKIKCIFLEd  IN  GENERAL* 


are  the  properties  of  all  the  animal  substances 
therto  detected  and  accurately  examined.     They  are 
by  no  means  so  numerous  as  the  vegetable  principles, 
owing  in  all  probability  to  the  chemical  examinatipn  of 
animals  hairing  been  hitherto  confined  to  a  seoall  vum- 
lier,  while  a  much  more  extensive  range  has  been  taken 
in  the  vegetable  kingdom*     The  inferior  animals^  if  we 
except  a  few  insects,  have  attracted  but  little  of  the  at-     ^ 
tention  of  chemists.     I  confess^  too,  that  I  hate  omit-   Sub»f;.nce» 
ted  on  purpose  an  account  of  several  principles  which  **"*^'^*  ' 
well  known  to  exist  ia  the  animal  kingdom^  merely 
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bcctnie  we  know  nothing  «a  prcciic  tboQt  tlicir  chc» 
luteal  properties  as  to  enable  ut  to  clan  tb^n  pra|ietiy> 
I  maj  mention^  as  exaitiplei^  the  colouring  tnatter  of 
the  eochineal  insect^  and  thut  of  the  shclU^sb  widi 
which  the  ancients  djcd  their  parplr.  The  re^er  will 
find  a  very  full  and  interesting  account  of  sll  that  wc 
know  respecting  these  siibitances  in  Dr  Bancroft 
Philosophy  of  Fermancni  Colours.  I  may  mention  alio 
the  liquor  emitted  by  the  ink-fish,  and  tbe  blisicriii| 
principle  in  cantharidts.  Eirpcrimenta,  iti<l«ed,  hivt 
been  made  on  the  last  by  Neumann,  and  otben  sitiee 
hii  lime  ;  but  they  are  still  very  incomplete,  since  we 
do  not  even  know  wbal^'the  blistcrbg  priodpie  is^  tho' 
it  is  Ukely  enough  that  it  is  a  resin* 

Almost  the  whole  of  the  soft  parts  of  aaimtml  bodies 
consist  of  gelatine,  albumen,  fibrin,  and  oil  ;  while  the 
basts  of  the  hard  parts  is  either  phosphate  or  carbonate 
of  lime.  The  other  animal  principles  occur  only  tn 
small  quantities,  and  particular  pans  of  the  animal. 
The  oils  seldom  enter  into  the  structure  of  the  organs 
of  animals ;  they  serve  rather  to  lubricate  the  different 
parts,  and  to  fill  up  interstices*  Gelatine  is  insoluble 
in  cold  water,  albumen  insoluble  in  hot,  and  fibrin  in* 
soluble  both  in  cold  and  hot, 

Tbe  simple  bodies  of  which  all  of  theoi  ooostst  are 
the  following: 


1.  Azote 

2.  Carbon 
S«  Hydrogen 
4.  Oxygen 

5*  Phosphorus 

O.  Lime 

7.  Sulphur 


e.  Soda 

9.  Potash 

ID.  Muriatic  mdd 

11.  Magnesia 

18.  Silicft 

19.  Iron 

14.  Manganese 
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PARTS  OF  ANIMAL& 


Stilidt.  \l  HE  different  lubiunces  which  compose  the  bodieiot 

animals  may  be  arranged  under  the  following  headi : 

1.  Bones  and  shells  7-  Glands 

2.  Horns  and  nails  8.  Brain  and  nerves 

3.  Muscles  9.  Marrow 

4.  Skin  10.  Hair  and  Teathers 

5.  Membranes  11.  Silk  and  similar  bodies. 

6.  Tendons  and  ligaments 

Besides  these  substanceSf  which  constitute  the  solid 
parts  of  the  bodies  of  animals,  there  are  a  number  of 
fluids,  the  most  important  of  which  is  the  bhai^  which 
pervades  every  part  of  the  system  in  all  the  larger  aoi* 
mals  :  The  rest  are  known  by  the  name  of  ucreims, 
because  they  are  formed,  or  secreted  as  the  anatomises 
term  it,  from  the  blood.     The  principal  animal  seen. 


Fluids. 


tions  are  the  follow! 

:ig: 

1.  Milk 

Q. 

Humours  of  the  eye 

2.  Eggs 

JO. 

Mucus  of  the  nose|gcc. 

3.  Saliva 

11. 

Sinovia 

■i.  Pancreatic  juice 

12. 

Semen 

5.  Bile 

13. 

Liquor  of  the  amnios 

6.  Cerumen 

14. 

Poisonous  secretions 

7.  Tears 

15. 

Air. 

8.  Liquor  of  the 

peri. 

i 

cardium 

FASTS  or  ANIMAti. 


4n 


Morbfd  sc- 


(Tarionf  substances  arc  separated  cither  from  the    Chap,  ii.^ 
od  or  the  food,  on  purpose  to  be  afterwards  thrown 
of  the  body  as  useless  or  hurtful.     These  are  called 
reikm*     The  most  important  of  them  are^ 
^  1.  Sweat 

^^m  t.  Urine 

^^r  3.  Faeces. 

lesides  the  liquids  which  are  secreted  for  the  dif* 
^t  purposes  of  healthy  animals,  there  are  others 
leh  make  their  appearance  only  during  disease,  and 
Ich  may  therefore  be  called  morbid  secretions.  The 
It  important  of  these  are  the  following  ; 

kl.  Pus 
2.  The  liquor  of  dropsy 
3,  The  liquor  of  blisters. 
To  these  we  must  add  several  solid  bodies,  which 
sionally  formed  in  different  cavities  in  conse- 
of  the  diseased  action  of  the  parts.     They  may 
led  morbid  concretions*     The  most  remarkable  of 
tare  the  following : 

1.  Salivary  calculi 

2.  Concretions  in  the  lungs,  liver,  brain,  &c« 
■  3.  Intestinal  calculi 
-    4.   Biliary  calculi 

5.  Urinary  calCTli 
6*  Gouty  calculi. 
rhese  different  substances  sHall  form  the  subjects  of 
lowing  sections : 


Morbid 
coocfetionf* 


f  AATS  or  AKtMAtf- 


SECT.  h 


OF    BONES,  SHELLS  AKD  CAUSTS. 


OY  bortef  are  meant  those  hard,  sqIm!,  weU^known  uik* 
stances,  to  which  the  firmness^  thape,  and  strefigth  of 
animal  bodies  are  owing;  which^  in  the  larger  animtlir 
form  as  it  were  the  grotiud  work  upon  which  aU  the 
rest  15  built.  In  m%ti,  in  qaadnapedi^  and  many  other 
animals,  the  bones  are  situated  below  the  other  pam, 
and  scarcely  any  of  them  Are  (fxposed  to  view  ;  bo* 
shclUflsh  and  snails  have  a  hard  covering  on  the  oat- 
aide  of  their  bodies^  evidently  intended  fordefence^  As 
these  coverings,  though  knowit  by  the  name  of  fi*/&, 
are  unduubtcdly  of  a  bony  matter,  I  shall  include  them 
in  this  Section*  For  the  very  same  reas4>n,  it  ifpuld 
be  improper  to  exclude  t^g-sbelU,  and  those  coveriagi 
of  certain  animals,  the  lobster  for  instance^  knows  hj 
the  name  of  ^»///,  The  tolid  substances  betoQgiogto 
Clhat  class  of  bodies  usually  djstingui«»bed  by  the  natne 
|of  zoophiifs,  may  be  included  likewise  wiihout  impro- 
priety in  this  Section.  As  these  diflTercnt  ^b>t«»nas, 
ugh  they  belong  to  the  same  gcnu%are  norvttth&tafid- 
ing  distinguished  by  peOuIiar  propertics^^  I  shall  corni* 
der  each  set  separately, 

L     Bo^^ES. 

cttio.         The  bones  are  the  most  solid  part  of  animalx.    lijcjf 
texture  is  sometimes  dt^nse^  at  other  times  cellular  a&d 


ftOKEt. 


m 


bdrotis,  accordine  to  the  situatioa  of  the  boDc.  They  Chip.  IT. 
are  white,  of  a  lamellar  structure^  and  not  flexible  Dor 
softened  by  heat*  Their  specific  gravity  differs  in  dtt 
ferent  pans.  That  of  adults  teeth  is  2*2121 ;  the  spcci* 
fie  gravity  of  childrens  teeth  is  2*0833*.  It  must  hare 
been  always  known  that  bones  are  combustible,  and 
that  when  sufficiently  burnt,  they  leave  behind  them  a 
i;vhste  porous  substancei  which  is  tasctlcss^  absorbs  wa. 
tcr,  and  has  the  form  of  the  original  bone.  The  nature  Hbtorf. 
of  this  substance  embarrassed  the  earlier  chemists* 
Becchcr  observed*  that  in  a  very  violent  heat  It  under- 
went a  kind  of  fusion,  and  assumed  an  appearance  ana- 
logout  to  that  of  porcelain.  It  was  afterwards  consider- 
ed as  a  peculiar  earth,  and  distinguished  by  the  name 
of  animal  earib  or  earth  of  bones.  Some  chemists  con* 
sidered  it  as  the  same  with  lime  ;  but  the  difference  be- 
tween it  and  that  earth  was  too  well  marked  to  allow 
that  opinion  to  gain  ground.  It  had  been  long  knoiJ^'n 
that  bones  yielded  a  gelatinous  substance  when  boiled 
in  water  ;  they  had  even  been  employed  in  the  manu* 
facmre  of  glue.  Hetice  it  Wat  obvlotis  that  they  con- 
tatned  gelatine.  It  had  been  ob%ervedj  that  all  acids 
had  the  properly  of  sottening  them  by  dissolving  their 
earthy  and  gilatinous  constituents  j  and  that  when 
thus  softened  they  resembled  cariilage.  These  facts 
mtnt  have  been  known  at  a  very  early  period,  and  af* 
forded  chemists  some  data  for  estimating  their  constl- 
tuents* 

lo  1711»  Scheele  mentioned,  in  his  dissertation  on 
fluor  spar,  that  the  earthy  part  of  bones  is  phospbatA  af 


•  Pq»yi,  Foi  on  the  Tirf*,  p.  ^* 

lia 
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limf*»     Thii  discoverjr  was  the  Urit  aod  the  greal  ncy 
towards  a  chemical  knowledge  of  the  conpotitioa  of 
bofies.     Afterwards  tome  oew  f»cts  were  made  ki 
by  Berntar dy  Bouillon^  and  Roiielle :  but  for  by  ftr 
mo&t  complete  analyses  which   have  hitherto  appcj 
we  are  indebted  to  Mr  Hatchettf,  aod  to  Fourcroj  aol 
Vaijquelin  t- 

The  component  parts  of  bones  are   cbiefljr  lour; 
nameljr,  the  earth/  salts,  fat^  gelatine^  and  cartilage. 

1.  The  earthy  salts  may  be  obtained  either  by  oili 
ning  the  bone  to  whiteness,  or  by  steeping  it  for  a  si 
ctent  length  of  time  in  acids.    In  the  first  case,  the 
remain  in  the  state  of  a  brittle  white  subitanoe  i  ia 
second,  they  are  dissolved,  and  m^ty  be  thrown 
by  the  proper  precipitants.    These  earthy  salts  are  fa( 
in  ntimbcr  :  I*  Phosphate  of  lime,  which  constitutes 
far  the  greatest  part  of  the  whole.     2*  Carbonate 
lime.     S«  Phosphate  of  magnesia,  lately  discovered 
Fourcroy  and  Vauquefin*     It  occurs  in   the  bones 
all  the  inferior  animals  examined  by  these  itsdefatigable 
chemists,  but  could  not  be  detected  in   human  booes* 
4.  Sulphate  of  lime,  detected  by  Mr  Uatchetl  to  « 
minute  proportion. 

To  estimate  these  substances,  calcined  bones  miy 
be  dissolved  in  nitric  or  muriatic  acid*  During  the  to- 
lutjon  carbonic  acid  gas  makes  its  escape  }.  Pure  ai 
monia  dropt  into  the  solution  throws  down  the  pti 


*  The  ditcoverer  of  thti  biA  not  hten  compktel|  i»certain«d»  idauk 
tSt^is^  not  cUim  it  in  that  paper ;  Bcrgmtn  giv«9  it  to  G«Kit ;  bai  Qn& 
Affirnu  that  ic  wi»  m»de  by  Scbcck. 

f  Pi^iL  TrMi.  17^9,  I  ^*«.  dt  aim,  sIm  S+i- 

f  Hauhett,  Fhii,  Trmm,  tf^,  p»  js?.' 


pliate  of  liioe  and  phosphate  of  magnesia  m  the  slate  of 
a  fine  powder,  readily  soluble  withotit  efierrescmce  in 
nitric  and  muriatic  acids^  Nitrate  of  barjtes  after* 
iKrards  causes  a  small  precipitate  xasoluble  in  mnriatic 
acid,  and  therefore  coDsisting  of  sulpbate  of  barytes. 
Its  weight  indicates  the  qnantilj  of  sulphuric  acid  io 
booeSy  from  which  the  sulphate  of  lime  which  thej  con- 
tain maj  be  estimated  *-  Carbonate  of  ammonia  now 
throws  down  pore  carbonate  of  lime  t«  These  three 
coftstituents  were  found  by  Hatchett  io  all  the  booes  of 
qaadrupeds  and  fish  which  he  examined*  The  carbon- 
ate scarcely  exceeds  the  fifth  part  of  the  phosphate,  and 
the  proportion  of  solphate  is  still  smalkx.  As  the  pro> 
portion  of  phosphate  of  lime  varies  not  only  in  different 
aflimals^  but  eyeo  in  difierent  bones  of  the  same  animal, 
and  even  in  the  same  bone  of  difTerent  ages,  no  precise 
numbers  can  be  given.  To  detect  and  estimate  the 
phosphate  of  magnesia^  Fourcroy  and  VaaquelLn  em- 
ployed the  following  simple  method  :  The  bones,  pre- 
viously calcined  and  reduced  to  powder^  were  treated 
with  their  own  weight  of  sulphuric  acid^  ^nd  the  mix* 
tirrc  left  to  macerate  for  five  or  six  days*  It  was  then 
diluted  with  water,  edulcorated,  and  filtered^  The  fil- 
tered licjnid  was  mixed  with  an  excess  of  ammooia, 
which  threw  down  a  mixture  of  phosphate  of  lime  and 


ClupklL 


♦  Hatchett^  F&if*  Trwu.  1799*  P'  3*7-  The  pfoce»  ddcnlMd  la  tiic 
text  wit  thafc  employed  by  Mr  Hatchett.  M  the  bonei  wbich  he  ci»- 
■yocd  wet e  dcubtlcit  tkuftC  beloBgiTig  to  the  inf' riar  aniroala^  a  little 
p&QvpKaie  of  m2gnet!a-ftDd>aiRmimii  wovUl  probably  remalo  alter  the 
ll^d  had  bees  pre crp  tared  by  unmofiia*  It  it  poMible  thftt  tbe  prtci* 
pttASe  obtiiocd  with  nitrate  ^f  harytes  may  ht  owing  tP  the  preteace  *f 
titift  salt , and  uot  to  sulphate  of  lime. 

^  Hatthctt,  Flii.  Tram,  I799,p.  SI?* 
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Book  V.     ammooio-phosphate  of  magnesia.     This  precipitate  it 
^     '  boiled  in  potash,  which  decomposes  the  magaesiaa  salt, 

and  leaves  a  mixture  of.  magnesia  and  phosphate  of 
lime.  This  mixture  is  treated  with  boiling  acetous  acid, 
which  dissolves  the  magnesia,  and  leaves  the  phosphate 
of  lime.  The  acetate  of  magnesia  is  decomposed  bj 
carbonate  of  soda,  and  the  carbonate  of  magnesia  obtaiiu 
ed  is  dissolved  in  sulphuric  acid  *. 

f.  Fat.  2.  The  proportion  of  fat  contained  in  bones  is  vari* 

pus.  Bj  breaking  bones  in  small  pieces,  and  boiling 
them  for  some  time  in  water,  Mr  Proust  obtained  their 
fat  swin^ming  on  (he  surface  of  the  liquid.  It  weighed, 
he  sajrs,  oncfourth  of  the  weight  of  the  bones  emploj* 
edf.  This  proportion  appears  excessive,  and  can 
scarcely  be  accounted  for  without  supposing  that  the 
fat  still  retained  water. 

3.  Geiatiiie.  ^*  '^^^  gelatine  is  separated  bj  the  same  means  as 
the  fat,  by  breaking  the  bones  in  pieces  and  boiling 
them  long  enough  in  water.  The  water  dissolves  the 
gelatine,  and  gelatinizes  when  sufficientlj  concentrated. 
Hence  the  importance  of  bones  in  making  portable 
soups,  the  basis  of  which  is  concrete  gelatine,  and  like* 
wise  in  making  glue.  By  this  process  Proust  obtained 
from  powdered  bonts  about  ^^th  of  their  weight  of  ge- 
latine. This  celebrated  chemist  has  been  at  consider* 
able  pains  to  point  out  tlie  advantage  of  employing 
powdered  bones  in  the  preparation  of  soups  and  broths^ 
and  Cadet  dc  Vaux  has  lately  published  a  set  of  expe- 
riments to  show,  that  from  bones  thus  powdered  as 
much  good  soup  may  be  obtained  as  from  five  limes 


*♦  Artfi,  dt  Clin*  xlvii.  147.  \  Jcur.  Je  rijs.  lii.  157 
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heir  weight  of  meat  ^.     But  uhen  Dr  Yoong  repeated 
his  impcobable  experinient  it  did  not  succeed  f . 

4-  When  bones  arc  deprived  of  their  gelatine  by  boiU 
lig  them  in  water,  and  of  their  earthy  salts  by  steep- 
ng  them  in  diluted  acids,  there  remains  a  soft  white 
lastic  substance,  possessing  the  figure  of  the  bones,  and 
tnown  by  the  name  of  cartilage »  From  the  rxpcti- 
Cientsof  Hatchctt,  it  appears  that  this  substance  has  the 
kfoperties  of  coagulated  albumen.  Like  that  substance, 
\  becomes  brittle  and  semitransparent  when  dried,  is  i 
^adily  soluble  in  hot  nitric  acid,  is  converted  into  gi- 
Itine  by  the  action  of  diluted  niirtc  acid  ;  for  it  is  ^olu- 
le  in  ho^  water,  and  gelatinises  on  cooling,  ^nd  ammo- 
la  dissolves  it  and  awumes  a  deep  orange  colour.  Like 
pagulated  albumen,  it  forms  an  animal  soap  with  fixed 
Ikalies  t* 

This  cartilaginous  substance  is  the  portion  of  the 
kone  first  formed.  Hence  the  softness  of  these  parts  at 
jMt,  The  phosphate  of  lime  is  afterwards  gradually 
^■stted,  and  gives  the  bone  the  requisite  6fmnes$. 
ree  gelatir\c  and  fat,  especially  the  first,  gave  the  bone 
he  requisite  degree  of  toughness  and  strength  j  for 
then  they  arc  removed  the  bone  becomes  brittle.  The 
tittive  proportion  of  phosphate  of  lime  and  cartilage 
liflTers  exceedingly  in  different  boQes  and  in  dtfiVtenC 
inimals. 

The  following  Table,  drawn  up  by  Merat-Guillof  f, 
xhibits  a  comparative  view  of  the  relative  proportion 


4Xartilage 


•  7#*r.  A  Chim.  IT*  9i,     Jwr.  tftht  R^aI  Ut^tmU  ii.  1 8. 
f  Ibid*  p<  15.  \  Pbi^  TroMf,  i8aov 
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Book  V.  of  these  togredients  in  a  varieljr  of  booet^  The  mU 
phate  of  lime  which  occurs  onlj  ill  %  verjr  smmll  qtiaii* 
tity,  and  also  the  phosphate  of  magnesia^  have  been  i 
founded  with  phosphate  of  litne.  By  geUttne^  I 
pose^  we  niuit  imdcrstaod  cartilage*  The  real  gelatine 
is  included  more  probably  in  the  loss* 


TOUpf 
the  eemtU 
tiicott  of 
bonet* 

1 

One  htiBdrcd  parti  contiui 

line 

aftim«. 

of  lime. 

LOM. 

Human  bones  from  a  7 
burying  ground       ^ 

Do.  dry,  bui  not  from  \  ^ 
under  the  earth        J 

16 
23 

67 
63 

1*5 
2 

15-5 

12 

■ 

Bone  of  03t 

a 

93 

2 

2 

■ 

calf 

25 

54 

trace 

21 

■ 

0 

6V5 

1-25 

22*25 

■ 

10 

10 

0*6 

lS-5 

■ 

elk 

15 

00 

1 

r$ 

■ 

U*g 

n 

52 

1 

so 

■ 

0 

83 

1 

5 

■ 

puUct 

6 

72 

1*5 

20-5 

■ 

12 

64 

1 

23 

I'l 

45 
85-5 

0-5 
0*25 

48*5 

2*25 

■ 

H ir^e  teeth 

12 

1 

Ivgry 
Hartshorn 

24 
27 

64 
57*5 

on 

I 

iri3 
14'5 

Ox  bones,  according  to  the  aoalysis  of  Fourcroy  and 
Vauquelin  ^  are  composed  of 

5l'0  solid  gelatine 

37*7  phosphate  of  lime 

10*0  carbonate  of  lime 
1*3  phosphate  of  magoesta 


100-0  • 
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From  the  calcined  bones  of  horses  and  sheep,  fowls^  and 
fishes,  ihcy  cxtracced  about  ^th  pari  of  phosphate  of 
magnesia. 

The  oaly  bone  hitherto  observed  altogether  destitute 
of  cartilage  is  the  enamel  of  the  teeth.  When  the  rasp- 
ings of  bones  arc  steeped  in  diluted  acids^  the  cartilage 
alone  remains  undissolved.  Now,  when  the  raspings 
of  enamel  are  treated  in  this  manner^  Mr  Matchett  ob* 
served  that  the  whole  was  dissolved  without  any  resi- 
duum whatever*.  If  we  believe  Fourcroy  and  Vau* 
quelini  the  enamel  of  the  teeth  is  composed  of 

12*9  phosphate  of  lime 

27*1  gelatine  and  water 

100*0  t 

But  the  most  complete  analysis  of  teeth  has  been  made 
by  Mr  Pepys,  and  his  results  agree  exactly  with  those 
of  HatchetL     He  found  the  enamel  of  the  teeih  com* 

posed  of ••••••••.• 78  phosphate  of  lime 

6  carbonate  of  lime 
16  loss  and  water 

loot 

It  is  exceedingly  probable  that  part  of  this  loss  majr 
have  been  owing  to  a  portion  of  gelatine ;  for  though 
enamel  is  destitute  of  cartilage,  it  is  probably  provided 
with  gelatine.  The  nitric  acid  employed  is  known  to 
be  a  good  solvent  of  gelatine  even  when  much  diluted. 
The  infusion  of  tan  would  have  ascertained  its  presence. 


505.1 
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I  Fox  on  the  Ttetb^  p.  96. 
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TookV^    From  the  analysis  of  Mr  Pcpys,  we  learn  that  the  teeth 
are  cooaposed  as  follows  *  : 


Am\jm  ti 


TmSk 


Rootiot 

the 
Teeth. 

Teeth  of 
Adaks. 

Flrtt  Teeth 

Phosphate  of  lime 
Carbonate  of  lime 
Carttlsige 
Loss 

58 

4 

2S 

10 

04 

6 

20 

10 

62 

6 

20 

12 

Total 

100 

100 

100 

From  this  analysis,  we  see  that  teeth  contain  more « 
phosphate  and  less  cartilage  than  bone^  and  enamel  more 
phosphate  than  teeth. 

Mr  Hatchett  examined  likewise ybx/fV  bones  from  the 
rock  of  Gibraltar.  He  found  them  to  consist  of  phos- 
phate of  lime  without  any  cartilage  or  soft  animal  part. 
Their  interstices  were  filled  with  carbonate  of  lime* 
Hence  they  resemble  exactly  bones  that  have  been 
burnt.  They  must,  then,  have  been  acted  on  by  some 
foreign  agent ;  for  putrefaction,  or  lying  in  the  earth, 
does  not  soon  destroy  the  cartilaginous  part  of  bones. 
On  putting  a  human  os  humeri,  brought  from  Hythein 
Kent,  and  said  to  have  been  taken  from  a  Saxon  tomb, 
into  muriatic  acid,  he  found  the  cartilaginous  residoom 
nearly  as  complete  as  in  a  recent  bone.  From  the  re- 
cent experiments  of  Morichini  f ,  Klaproth  J,  and  Foar- 
croy  and  Vauquelin  $,  we  learn  that  fossil  ivory  and 
teeth  of  animals  frequently  contain  a  portion  of  fiuatc 


•  Fox  on  the  Tettb,  p.  96, 
t  Geblcn*8  Jettr.  uL  625. 


f  PhU,  Mag,  xxiii.  265. 
{  PUL  A/jy.  XXV.  26;. 


B0ME8* 


50T 


lime*  Mortchini  and  Gay  Lussac  endeavoured  to 
irove  that  this  salt  existed  even  in  recent  ivotj^  and 
at  the  enamel  of  the  teeth  was  almost  entirely  cam* 
d  of  it^.  But  the  experiments  of  Woilasion^ 
dcf,  Fourcroy,  and  Vauquelin  t,  have  shown  that 
ere  does  not  exist  any  sensible  portion  of  fluoric  acid 
these  substances  while  recent*  Bcrielius,  however^ 
as  recently  announced  that  he  separated  3  per  rent*  of 
Inate  of  lime  from  fresh  teeth,  and  that  he  has  delected 
it  also  in  bones,  nearly  in  the  same  proportion.  He 
even  affirms  that  it  exists  in  urine  §.  And  as  his  ex- 
>eriments  appear  to  have  been  made  with  considerable 
safCf  it  is  probable  that  the  results  which  he  obtained 
U'e  correct  || . 

There  is  reason  to  conclude,  from  the  recent  experi- 
ments  of  Bouillon  La  Grange,  that  the  bluei-coloured 
mineral  called  torquoise  is  a  species  of  fossil  bone,  and 
hat  it  owes  its  colour  to  the  presence  of  some  phos. 
ihate  of  iron  ^. 

II.    Shells* 

Ukdeji  the  name  of  shells  I  include  all  the  bony  co- 
verings of  the  different  species  of  shell  fish.    i^g$ shells, 
^l&o,  from  the  similarity  of  their  texture,  belong  to  I  he 
^me  head.      For  almost  ail  the  knowledge  of  these 
ubstances  that  we  possess,  we  are  indebted  to  the  late 


CTii^tl. 


•  PhiL  M^i,  ixuL  %^^^  \  KtchoJjooV  Jmtr*  liiL  Si(^ 

t  Phil.  Mag,  iiT.  a66*  ^  GehJcn'i  /ttur  vi  J91. 

I  Hif  cipchmeriu  will  be  £uufid  in  Gthkn*^  J^mr*  Second  Sctkt, 
%,     There  it  au  ubstinct  of  them  iij  Antf^  4r  Ciim*  Iju.  136. 
I  PiiJ,  Ma^.  IX vi.  aic. 
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smpQitKEt  dis^rtaticms  of  Mr  Hatctieil**  A  few  dettilw 
•d  facti^  rnikcdy  had  been  observed  bjr  otticr  efiemisii; 
kit  hb  txp«rmeni5  gsiTe  q»  a  sTtttASfic  view  «f  tkt 
cci>9titaer)4^  &f  the  fvhole  cbsj. 

£>b(lh,  like  bottcs,  coitim  of  talcareovt  lahs  saiiei 
ii>  a  soft  animal  matter  ;  bvt  ta  them  ibe  laine  U 
chief/  to  carbonic  acid,  ivhertftt  in  bones  it  is  imiud 
1^  pltoftpHof ic  acid*  In  shtUa  Ihe  predoauiiatiDg  io- 
pediciU  ii  carbdiiate  oi  Hmc  ^  whereas  in  bones  it  ii 
fbovpbsle  &S  limt.  This  cofislitutes  the  cbemcltflMk 
ii&renete  m  their  composiiiott. 

Mr  Hatchctt  has  divided  sheHs  into  two  classes.  TW 
fcrsl  are  usually  of  a  cocwpact  testture^fesemblepofcehin^ 
and  have  an  ensmclkd  surface^  often  finely  variegitci 
The  sheHs  belonging  to  this  class  have  been  distiagvtib- 
eti  by  Ibe  name  of  fwctlamou^  iiiih.  To  ibb  cfaii 
lArlonf  ike  varkus  sprdes  of  vihta^  tyfram,  Stc.  Tbt 
shdU  beloagtiig  to  ihe  secoad  dasfi  arc  usually  c^vettJ 
wiih  a  strong  epidermis^  below  which  lies  the  sbtUm 
byerSy  and  composed  entirely  of  the  substance  iretl 
Lnown  by  the  name  of  ttwthfr-q^ffori^,  '^^J  ^^^ 
bees  Astingnislicd  by  the  name  of  m^iher^ttf-p^ari  lUk 
Tbe  jAfU  of  ihe^^Tji^  widnr  mmthp  the  hmlUtU  wk,  tk 
mri^  oliarmi^  are  examples  of  lacb  shells*  'Kbe  theft 
mS  tkc  first  of  these  classes  cootaia  a  very  small  pottios 
mi  soft  sarfoal  matter ;  those  of  the  second 
very  large  propoatton.  Hence  we  see  that  ihey 
•Remcl;  difiercat  io  their  compos! tioo*. 
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PSrcelaneous  shells,  when  exposed  to  a  rwS  heat,     Cb»p>lt.^ 
crackle  and  lose  the  colour  of  their  enatnelled  surface,    t .  PoccdA^ 
They  €mxi  no  smoke  or  tmell ;  their  figure  eonttnues  **^*'**' 
^uialteredf  their  colour  becomes  opaque  white,  tinged   ©f  carbamate 
partially  with  pale  grey*^    They  aissolv^  when  fresh  f^^^i^^ 
with  effervescence  in  acids,  and  without  Icavifig  any 
«etidiie ;  but  if  they  have  been  burnt  fbeir  remaiuft  aU 
way^  a  little  charcoal*      The  solution   is  transparent, 
'giv<c%  no  precipitate  with  ammonia  or  acetate  of  lead ; 
of  course  it  contains  no   sensible  portion  of  phospliate 
or  sulphate  of  lime.      Carbonate  of  ammonia  throwa 
down  an  abundant  precipitate  of  carbonate  ^f  lime, 
Porcelaneous  shells,  then,  consist  of  carbonate  of  I iaie  i 
cemented  together  by   a  small  portion  of  an  animalf 
matter,  which  is  soluble  in  acids^  and  therefore  xesem* 
bles  i^elatine  ** 

Patelldc  from  Madeira,  examined  by  MrHatchett,  were  PtcdW 
found,  like  the  porcelaneous  shells,  to  consist  of  carbo* 
Hate  of  lime  ;  but  when  exposed  to  a  red  heat  they 
eni tried  a  smell  like  horn  ;  and  when  dissolved  in  acids 
m  semiliquid  gelatinous  matter  wai  left  behind,  Tbey 
contain  therefore  less  carbonate  of  lime  and  more  gela- 
tine, which  is  of  a  more  viscid  ualixre  than  ihal  of  por- 
celaneous shells* 

2*  Mother-of-pearl  shells  when  exposed  to  a  red  heat 
crackle,  blacken,  and  emit  a  strong  fetid  odour.  They 
^^^atfoliate,  and  become  partly  dark  grey,  partly  a  Rne 
^^■rhite.  When  immersed  in  acids  they  effervesce  at  first 
^H^oaglj  ;  but  gradually  more  and  more  feebly,  till  at 
^^psl  the  emission  of  air- bubbles  is  scarcely  perceptible* 


of-pearl. 


•  Hatdietti  FkiL  Trmu  179^*  ?•  317- 
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The  acids  take  yp  only  lime,  and  leave  i  nomber  ol 
thin  membranous  subabianccif  which  stitl  rcUiQ  llie 
of  the  shell.     From   Mr  HatchcU*s  expcri incuts,  we 
learn  that  these  membranes  have  the  properties  of 
Sniwuid     8^^**^**  albumen.  M  other  *a&  pear  J  ^hcUs,  tbcn^  are  ooiii>, 
orboiiateof  poscd  of  alternate  lajets  of  coagulated  albumeii  and  car^ 
bonate  of  hme,  begmmng  with  (he  epidermis^  and  c&d< 

The 


^teL 


ing  witjt  rhe  last  formed  mtmbrane* 
which  inhabit  these  shells  increase  tbetr  tmbiintieii  by 
the  addition  of  a  stratum  of  carbonate  of  ItmCi  iccsnd 
by  a  new  membrane  ;  and  as  every  additioiia]  ttfaiom 
exceeds  in  extent  thiit  which  was  previauiljr  foniied,tlte_ 
shell  becomes  stronger  as  tl  becomes  larger  \  ^^M 
Though  this  in  genera-  is  the  structure  of  the  iDOtmT 
of.pearl  shells,  yet  there  is  a  considerable  diffcrenct  be* 
tween  the  proportion  of  the  component  parts  and  the 
consistency  of  the  albuminous  part,  Some  of  ibtlBf  H 
the  common  oyster  sficll,  approach  nearly  to  ihe  patelk^ 
the  albumiMOUs  portion  biing  small,  and  its  eonstiteace 
nearly  gelatinous;  while  in  others^  as  the  i^AWir  irit,  tk 
turB6  o/earittif  the  real  mother-of-pearl^  and  ii  tpccfisof 
iresh  water  muscle  analysed  by  Hatchefi,  th^  mtm* 
braiies  are  distinct,  thin, compact,  and  semitransptroit^. 
Mother-of-pearl  contains 

CO  carbonate  of  lime 

24  membrane 

loot 

Pearly  a  well  known  globular  concretion  whictiis 
formed  io  some  of  these  shells,  resembles  them  exactir 


•  Hatchett,  PiiL  Trans^  1799,  |v  517. 
I  lAcnt-Guiiloti  Am.  dtCUm.  sssiir.  7t. 
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ID  itf  Structure  and  compo&iiioo.     It  is  a  beaiitiriil  &ub* 
lance  of  a  blui&h   w}nte  colour,  iridescent,  and   bril* 
inu     It  is  composed  of  concentric  and  alternate  coats 

of  thin  tnembr^ne  and  carbonate  of  Itme^     Their  iH- 

deMrence  is  obviously  the  consequence  of  the  lamella- 

ted  structure*, 

Mr  Hatcheu  found  that  what  is  called  the  lone  of  the 

^mtihjisb  is  exactly  similar  to  mother-of-pearl  shells  ia 

its  cotoposidon.  .     ^  •* 

From  the  comparative  analysis  of  shells  and  bones^ 

Mr  Hatchett  was  induced  to  compare  them  together, 
ad  has  shown,  that  porcehneous  shelb  bear  ft  striking 
gsemblnnce  tu  enamel  of  leeib  ;  while  moiher-of.pearl 
hells  bear  the   surne  resemblance  to  the  substance  of 

teeth  or  bone  :   i^tth  lliii  diifcirencey  that  in  eniLmel  and 

bone  the  earthy  salt  is  phosphate  of  lime,  whereas  an 

shells  ir  is  pure  carbonate  of  lime. 


fT7 
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Bone  oT  die 


flf.     Crusts. 

sts-we  undcrat^i^d  tbuse^  bony  coverings  of 
aich  the  whole  external  surface  of  crabs*  lob^ters^  and 
other  similar  sea  animals  are  comjiosed.  Mr  Hatchets 
f<nind  them  composed  of  three  ingredients :  l.  A  car- 
tilaginous substance^  possessing  the  properties  of  coa- 
gulated albomen  j  2*  Caibonatc  oiiimc  ;  3.  Phosphate  ^^ 
of  lime*  By  the  presence  of  this  last  substance  they  cnt*. 
are  essentially  distinguished  from  shells^  and  by  the 
great  excess  of  carbonate  of  lime  above  the  phosphate 
they  are  equally  distinguished  from  bones.     Thus  the 


•  Hiuhett«^ifr«/.  rr«ir..  i;9^ 
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crusts  lir  intermediate  between  bones  aod  sheUi,  pam. 
king  of  the  properties  and  constttuUofi  of  esdi.  The 
shells  of  the  eggs  of  fowls  must  be  referred  Likewise  t» 
the  chss  of  crusts,  since  th^y  cont;%in  both  pboipliise 
and  carbonate  of  lioie.  The  animal  cefneoi  in  iheOi 
however^  is  much  smaUcr  in  quantity.  From  the  ex* 
perimcnts  of  Berniard  and  Hatchett,  it  is  extremely  pro- 
bable that  the  shells  of  snails  are  composed  likewise  of 
the  same  ingredients,  phosphate  of  lime  having  been  de- 
tected in  them  by  these  chcmistJt. 

Mr  Hatchett  examined  the  crusts  of  crabs,  lobsler% 
pr&wns,  and  cray  fish.  When  immersed  in  dilated  in* 
trie  acid  these  crusts  effervesced  a  little^  and  gradnaBy 
assumed  the  form  of  a  yellowish-white  soft  elastic  car* 
tilage^  retaining  the  form  of  the  crusf.  The  solutinQ 
yielded  a  precipitate  to  acetate  of  lead,  and  intrnwia 
threw  down  phosphate  of  lime*  Carbonate  of  aos* 
mooia  threw  down  a  much  more  copious  precipitate  of 
carbonate  of  lime.  On  examining  the  crust  which  co- 
vers different  species  of  icbini^  Mr  Hatcheli  fcnmd  it  to 
correspond  with  the  other  crusts  in  its  composition^ 
Some  species  of  star* fish  yielded  phosphate  of  lime* 
others  none:  hence  the  covering  of  that  genus  of  aoi« 
mals  seems  to  be  intermediate  between  shell  nnd  crait 
With  these  obsenrations  of  Mr  Hatchett  the  analyik 
of  Merat-Guillot  corresponds*  From  lobster  crust  he 
obtained  ..*.»*^< 00  carbonate  of  lime 

14  phosphate  of  lime 

20  cartilage 

100* 


•  Jm*  ^  Chim.  xnivt  71. 
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One  bmidred  parts  of  cray  fish  cnsst  cootsua 
60  carbonate  of  Itme 
12  phosphate  of  lime 
28  cartilage 

100* 

Ofie  hundred  parts  of  hens  egg-shells  <;ontaia 
S9'6  carbonate  of  lime 
5*7  phosphate  of  lime 
4' 7  animal  matter 


£gs*«liellf. 
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IV-      ZOOPHITES* 

Makt  of  the  substances  called  tt^o^hius  have  the 
lujdoess  and  appearance  of  shell  or  bone^  and  may 
therefore  be  included  among  them  without  improprie* 
ty.  Others,  indeed,  are  §oft,  and  belong  rather  to  the 
dasi  of  membrane  or  horn  ;  but  of  these  very  few  ouly 
h%¥€  been  examined.  Indeed  scarcely  any  chemical  ex- 
periments have  been  published  on  these  interesting  sub- 
jects, if  we  except  the  admirable  dissertation  by  Uat- 
chetl  in  the  Philosophical  Transactions  for  1800,  which 

iS  been  so  often  quoted.     From  this  dissertation,  and 
a  few  experiments  of  Merat^Guillot,  we  learn 
that  the  hard  xoophites  are  compotged  chitffiy  of  three 
ingredients  ;    1.  An  animal  substance  of  the  nature  of  CompoU- 
ooagnlaled  albumen,  varying  in  consistency  i  sometimes  ^(^(^ 


^  Ment^oilbt,  A"'*  it  Cbim,  zixiv  71. 
\  Viuqaeluivlbid«  azix.  6* 
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DtVMSed 
toco  four 


s.  Compo* 
•edofcar- 
booace  of 
line  and 
jelly. 


a.  Of  cir« 

boniitc  of 
l*mr  and 
acmbraoc. 


being  gdatmous  and  almost  liqnidt  at  others  of  tbe  cos- 
tistencj  of  cartilage.  2.  Carbonate  of  lime.  3.  Pboi. 
phate  of  lime. 

In  some  zoophiles  the  animal  matter  it  verj  acantj, 
and  phosphate  of  linne  wanting  altogether  i  in  otbcn 
the  animal  matter  is  abundant,  and  the  earth j  salt  pore 
carbonate  of  lime ;  while  in  others  the  anhml  matter  b 
abundant,  and  the  hardening  salt  a  mixture  of  carbonate 
of  lime  and  phosphate  of  lime ;  and  there  is  a  fenrtb 
class  almost  destitute  of  earthj  salts  altogether.  Tbas 
there  are  four  classes  of  zoophites  i  the  first  reaemUe 
porcelaneoUs  shells,  the  second  resemble  motber^ol- 
pearl  shells,  the  third  resemble  crusts,  and  the  fourth 
horn. 

1.  When  the  madrepora  virgmea  is  imoiersed  in  di« 
luted  nitric  acid  it  effervesces  stronglj,  and  is  aoosi  dii« 
solved.  A  few  gelatinous  particles  float  in  Ibe  aohi* 
tion,  which  is  otherwise  transparent  and  onlourfess. 
Ammonia  precipitates  nothing ;  but  its  carbonate  throws 
down  abundance  of  carbonate  of  lime.  It  isr  com- 
posed, then,  of  carbonate  of  lime  and  a  little  animal 
matter.  The  following  zoophiles  }ield  nearljr  the  same 
results : 

Madtepora  muricata 

• labjrinthica 

Millepora  cerulea 

•  ..•••• alcicomis 

Tubipora  musica. 

2.  When  the  tnadrepora  ramea  is  plunged  into  weak 
nitric  acid,  an  effervescence  is  equally  produced  ;  but 
after  all  the  soluble  part  is  taken  up,  there  remains  a 
membrane  which  retains  completely  the  original  shape 
of  the  madrepore.      The  substance  taken  up  is  pure 


ZOOPHrtES* 

Mine,  itence  this  madrepore  is  compo&ed  of  carbonate 
<^f  lime,  and  a  membranaceoas  substance  whicb,  af  in 
fii other* of*  pearl  shells,  iretains  the  figure  of  thetnadre- 
pore.  The  following  zoophites  yield  nearly  the  same 
le&uUs : 

Madrepora  fasctcutarit 

Milkpora  cellulosa 

••*.,  fascialis 

•«...•..*•••  truticata 

Iris  hippuris 
The  following  substances,  analysed  by  Merat-G  nil- 
lot,  belong  to  this  class  from  their  composition,  tliougH 
it  is  difitcult  to  say  what  ate  the  species  of  toophites 
^hich  were  analysed.  Tij  redcoralht  probably  meant 
tfie  gorgonia  nohilis^  though  that  substance  is  known^ 
from  Ratch^tt^i  analysis,  to  contain  also  somfe  phos- 
phate. 

Wh^tc  fte4  Artlriilited 

coraL  cocaL  luiraiioc. 

Carbonate  of  lime..  50  535  40 

Animaimatter.* ..   50  46M  51 


sis 


100 


100*0 


100' 
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3.  When  thef  madrepora  poiymarpha  is  steeped  In    ^^  ofmem- 
iveak  nitric  acid,  its  shape  continues  unchanged;  there   r*"*''^^!* 
temaining  a  tough  membranaceous  substance  of  a  white  photpintt. 
colour  and  opaque,  filled  with  a  transparent  jelly.    The 
acid  solution  jields  a  slight  precipitate  of  phosphate  of 
lime  when  treated  with  ammonia,  and  carbonate  of  am- 
monia throws  down  a  copious  precipitate  of  carbonate 


Kk« 
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^■^   of  lifse.     It  it  composed  iherefoce  of  ftfiiinl  ml 


p»rtljr  sn  ibe  sUte  of  jcllyi  paitlj  in  thst  of 

and  hardeoed  t>jr  cafi>oaate of  lioac  together  mtih  i little 

l>hosphjitc  of  lime. 

f lustra  fi>Ha£€a^  tmtc4  in  the  same  munorTi  kfti 
SdcIj  reticulated  mcmbfanc,  whidi  |>ots>es$cd  tl>e  pro^ 
pcrties  of  coagulated  atbumcn.  The  solulioo  contaia- 
ed  a  Hctle  phosphate  of  limei  and  jrielded  abuodantc  of 
carbonate  of  lime  when  treated  with  the  alkaline  car- 
bof tales.  The  coralina  offtmtm,  treated  in  the  viae 
nuioiver^  yielded  the  game  cofistitueots;  with  ttiia  dife* 
ence,  that  oo  phosphate  of  lime  cotild  be  detected  in 
the  fresh  coraliney  but  the  solution  of  bunil  coraliae 
yielded  traces  of  it*  The  mi  achrac^a  exhtbiti  tk 
same  phenomena^  and  ii  fonned  of  the  same  cooititiw 
cnts*  When  dissolved  in  weak  nitric  acid,  ita  colottii^ 
iiig  matter  falls  in  t!ie  state  of  a  fine  red  powder^  oeilte 
siolubie  in  uitric  oor  muriatic  acid,  nor  cbanged  bf 
them  :  whereas  the  tinging  matter  of  the  tuhifw^  mm- 
tita  is  destroyed  by  these  acids.  The  branches  of  tUs 
iris  are  divided  by  a  series  of  Icoots.  These  knots  ait 
cartilaginous  bodies  cotmectcd  together  by  a  cnembfiflp 
ous  coat.  Within  this  coat  there  is  a  conical  carity 
filled  with  the  earthy  or  coralitie  matter }  so  that^  b  \ht 
recent  state»  the  branches  of  the  iris  are  capable  of  com 
siderable  motioDy  the  knots  ans%vering  the  purpose  of 
joints. 

When  the  gorgcnia  nobUu^  or  red  coral^  ia  immcncd 
in  weak  nitric  acid,  its  colouring  matter  is  destrojd, 
an  effervescence  takes  place,  and  the  calcareous  part  if 
dissolved*  There  remains  an  external  tubulated  rocoi- 
brane  of  a  yellow  colour^  inclosing  a  transparent  gds* 
tliious  substance.      The  solution  yields  onlj  carbonaU 
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tmBC  :  bat  whed  red  comi  ts  heated  to  redness,  snd 
tbeii  dissoWcd,  the  solntion  yields  a  little  phosphate  of 
fiise  also.  Red  coral  is  composed  of  two  parts  :  an  id* 
temal  stetn,  composed  of  gdatioous  matter  and  carbon- 
ate of  lime ;  and  an  external  covering  or  cortex,  consist-' 
ing  of  membrane  hardened  by  the  calcareous  salts^  and 
both  coloored  bj  some  unknown  substance. 

The  gorgonia  ceratophyta  likewise  consists  of  a  stem 
sod  cortex*  The  stem  is  composed  of  cartilage,  har- 
desicd  chicfiy  bj  phosphate  of  lime,  and  containing 
little  carbonate  of  lime  ^  but  the  cortex  consists  of 
membrane  hardened  almost  entirely  by  carbonate  of 
lime.  The  gorgonia Jlahellum  is  almost  exactly  similar* 
The  cortex  of  the  gorgonia  subttosa  yielded  gelatine  ta 
boiling  water  ;  when  steeped  in  acids^  it  left  a  soft  jeU 
lotn'ish  membrane,  and  the  acid  had  takcii  up  a  little 
phosphate  and  a  large  portion  of  carbonate  of  lime. 
The  stem  contained  scarcely  any  earthy  salt.  Wbco 
burat,  it  left  a  little  phosphate  of  lime.  To  water  it 
yielded  a  Utile  gelatine ;  but  it  consisted  chiefly  of  a 
homy  substance,  analogous  to  coagulated  albumen*  The 
gmrgmia  itiosa  and  ffctinata  exhibited  the  sanoe  pheno* 
mena. 

4.  Gorgonia  antiphaUs,  like  the  other  species  of  gor- 
gonia^ has  a  homy  stem,  bnt  it  is  destitute  of  a  cortex. 
To  boiling  wa'ter  it  gives  out  some  gelatine.  When 
steep«d  in  nitric  acid  it  becomes  soft,  and  exhibits  con- 
centric coats  of  thin  opaque  brown  membranes,  of  a 
ligneous  aspect.  It  contains  no  earthy  salt.  With  ppt- 
A9b  it  forms  an  animal  soap,  and  possesses  nearly  the 
properties  of  horn. 

The  stems  of  the  gorgonia  timiracstimm  and  vtrrwswa 
resemble  that  of  the  gorgonia  antiphates  j  but  these  are. 
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^ooH  V.     ^th  provided  witti  a  cortex  compoted  of  membtaM 
and  carbonate  of  lime. 

The  antipbates  u/tx  and  myrUphyla  rcfcmblc  aloiqat 
exactly  the  horny  i»ttm  of  the  gorgonis  antiphatet. 

Mr  Hatchet t  analysed  many  spcciei  of  spOfige%  lot 
found  iliem  all  similar  in  their  coooposttjoii*  The  tpm* 
gia  canctUata^  ocuiata^  infundihuiiformii^  fkahmmii^  aiut 
officinalis^  may  be  mentioned  as  specimefii*  They  coo- 
kUi  of  gdatinci  which  they  gradually  give  out  to  wtier^ 
and  a  thin  orittle  membranout  substance,  which  pow 
seiics  the  properties  of  coagulated  albumen.  Hence  the 
effect  of  acids  and  alkalies  on  them. 

The  akyonium  Jfcus,  asbatinum^  and  arborntm,  n» 
semble  s^ery  much  the  cortex  of  the  gorgonia  suberoti 
in  their  composition ,  '  They  yield  a  little  gelatine  to 
water.  In  nitric  acid  they  soften,  and  appear  memWi* 
nous.  The  acid  takes  up  the  carbonate  of  Itme,  rod 
likewise  a  little  phosphate,  at  least  when  the  sub^ancr 
^lat  beet)  previously  heated  to  redness. 

Such  is  an  abstract  of  Mr  Hatchett*s  instructive  $uu 
lysis  of  the  xoophitei. 


SECT-  n. 


OF  HORK8,  NAtl^S,  AVD  iCAtgS« 


|k  the  last  Section  I  ireat^ 
animals  which  were   in  fieri  I 
softened  by  heat,  and  wJiicl 
of  calcareous  salts  i  but  Ihep 


hMxi 


^1 


IIOR3C8, 


519 


pirti  vuliich  possess  considerable  clastiGity^  v/h\ch  tre  ,  ^^^'  ^^*^ 
softened  by  hear,  and  which  contain  but  a  very  small 
porttoo  of  caJcareous  matter.  This  set  comprehends 
the  substances  well  known  under  the  names  of  h^tn^ 
miUs^  and  scaltx.  The  fourth  class  of  zoophiles  oughts 
in  strict  propriety,  to  be  joined  to  them  \  bat  in  the 
present  state  of  our  knowledge  I  thought  it  better  to 
^ive  a  %'icw  of  all  that  is  known  of  the  itoophites  in 
coe  place. 

Almost  all  that  we  know  of  these  bodies  has  been 
discovered  by  Mr  Hatchett*  Many  experiments^  in- 
deed, had  been  made  by  preceding  chemists;  but  not  of 
such  a  nature  as  to  throw  much  light  upon  their  com- 
pos! tion« 

1  •  Hornt  are  well  known  stibstances  that  arc  attach-  Harm, 
cd  to  the  foreheads  of  oxen,  sheep,  and  various  other 
animals.  They  are  not  very  hard,  as  they  may  be  ea- 
sily cut  with  a  knife  or  rasped  with  a  file  ;  but  ihey 
are  so  tough  as  not  to  be  capable  of  being  pounded  in 
a  mortar-  When  in  tljin  plates  they  have  a  degree  of 
transparency,  and  have  been  sometimes  substituted  for 
glass  in  windows.  When  heated  sufHciently  they  be- 
come very  soft  and  flexible,  so  that  their  shape  may  be 
alltred  considerably*  Hence  they  may  be  gradually 
squeezed  into  a  mould,  and  wrought  into  various  forms, 
^  is  well  known.  When  strongly  heated  in  a  Papin*a 
digester,  ihey  are  said  to  be  converted  into  a  gelatinous 
^a5S>  which  possesses  the  properties  of  gelatine. 

The  quantity  of  earthy   matter  which   they  contain   rr»inp«t«it 
^^  exceedingly  small.      Mr  Hatchett  burnt  500  grains  j^Jj^J^"^' 
Q%  horn.     The  residuum  was  only  1-5  grain,  and 

B^he   half  of  this  was  phosphate  of  lime.     Seventy* 
tins  of  the  horn  of  the  chamois  left  only  €'5 
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of  residae  of  which  less  tbao  the  half  w&s 

of  lime  •.     Thcj  consist  chiefly  of  m 

itaocc,  which  possesses  the  propeftia  of  comgwitituk  iL 

bomen  i  md  probahlj  they  cociHtn  sbo  •  little  gdi* 

tine*     Heaee  we  see  tlie  remson  of  the  prodoets 

obtained  when  these  substances  axe  subjected  to 

lation. 

The  horns  of  the  hart  and  buck  must,  boweireft  k 
excepted.  From  the  expcrimcoU  of  Scheele  and 
together  with  those  of  Hatchetr,  we  know  that 
sabstances  possess  exactly  the  properties  of 
are  composed  of  the  same  constituents^  excepting  oalj 
that  the  proportion  of  cartilage  is  grouer*  Tfacy  are 
intermedialCy  then,  between  bone  snd  horn.  The  9Be 
remarks  apply  to  a  fossil  horn  found  in  Fmoce  «od  Ineb 
ly  analysed  by  firaconnot.  He  £cmnd  ft  composed  uf 
Siliceous  sand«#*  «••••*••«».,..     4*0 

Gelatine ••* %*6 

Bitumen *•••••••• *•     4*4 

Oxide  of  iron 0*5 

Alumina *••«..    0*7 

Phosphate  of  magnesia«>*«.*     1*0 

Water ll'O 

Carbonate  of  Uciie...........    4*5 

phosphate  of  lime «•  60*3 


100*0  i 
2*  The  maiisf  which  cover  the  e:etTemttief  of  theSa* 
gers,  are  attached  to  the  epidermis,  and  come  off  t!oo|c 
with  it.      Mr  Hatchett  has  ascertained  that  thej  ift 
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imposed  chiefly  of  %  membranous  substance^  which 

ssesses  the  properties  of  coag^nlaicd  albumen*  Thcj 
seem  to  contain  also  a  little  phosphate  of  lime.  Water 
softens  but  docs  not  dissolve  them  9  but  they  are  rea- 
dily dissolved  and  decomposed  by  concentrated  acids 
mnA  alkalies.  Hence  it  appears  that  nails  agree  vrith 
liom  in  their  nature  and  composition.  Under  the  head 
of  nails  mtist  be  comprehended  the  talons  and  claws  of 
the  inferior  animals,  and  likewise  their  hoofs^  which 
diifer  in  no  respect  from  horn. 

The  substance  called  tortoisc-shcU  is  very  different 
from  shells  in  its  composiucTn^  and  approaches  much 
nearer  to  the  nature  of  ftai7 ;  for  that  reason  I  have 
placed  it  here.  When  long  macerated  in  nitric  acid,  it 
softens,  and  appears  to  be  composed  of  membranes  laid 
over  each  other,  and  possessing  the  properties  of  coa- 
gutated  albumen.  When  burnt,  500  grains  of  it  yield 
three  of  earthy  matter,  consisting  of  phosphate  of  lime 
and  soda,  with  a  tittle  iron  *. 

3,  The  jcales  of  animals  are  of  two  kmds  ;  some,  as 
those  of  serpents  and  other  amphibious  animals,  have  a 
striking  resemblance  to  horn;  while  those  of  fish  bear  a 
greater  resemblance  to  mother-of-pearl.  The  compo- 
sition of  these  two  kinds  of  shells  is  very  diifercnt. 

The  scales  offish,  as  had  been  observed  by  Lcwen- 
hoeckf  are  composed  of  different  membranous  laminae. 
When  immersed  for  four  or  five  hours  in  nitric  acid, 
they  become  transparent,  and  perfectly  membranaceous. 
The  acid,  when  saturated  with  ammonia,  gives  a  copi- 
oas  precipitate  of  phosphate  of  lime  f.    Hence  they  are 
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Of  these,  the  muscles  naturally  claim  our  atteq-    /-Vp-  ^' 
ion  in  the  first  place,  as  being  the  most  important. 

The  muscular  parts  of  animals  arc  known  in  commoa 
Eiguage  by  the  name  otjlesb.     They  constitute  a  con- 
siderable prpporrion  of  the  food  of  man. 

Muscular  flesh  is  composed  of  a  great  number  of 
fibres  or  threadS|  commonly  of  a  reddish  or  whitish  co- 
lour ;  but  its  appearance  is  too  well  known  to  require 
any  description.  Hitherto  it  has  not  betm  subjected  to 
mny  accurate  chemical  analysis*  Mr  Thouvencl^  indeed, 
has  published  a  very  valuable  dissertation  on  the  sub- 
ject ;  and  it  is  to  him  that  we  are  indebted  for  almost 
aiU  the  facts  known  concerning  the  composition  of 
XDUScle*  Some  curious  experiments  have  also  been 
made  by  Fourcroy  and  Vauquelin  ;  and  Mr  Hatchett 
has  not  neglected  this  part  of  the  subject  in  his  interest- 
ing dissertations  on  animal  substances. 

It  is  scarcely  possible  to  separate  the  muscle  from  all 
the  other  bodies  with  which  it  i^  mixed*  A  quantity 
of  fat  often  adheres  to  it  closely  ;  blood  pervades  the 
whole  of  it :  and  every  fibre  is  enveloped  in  a  parti* 
}ar  thin  membranous  matter,  which  anatomists  distin- 
guish by  the  name  of  aliuiar  subuance.  The  analysis 
of  the  muscle,  then,  cannot  be  supposed  to  exhibit  an 
accurate  view  of  the  composition  of  pure  muscular  fibres, 
but  only  of  muscular  fibre  not  perfectly  separated  from 
other  substances* 

1.  When  a  muscle  is  cut  in  small  pieces,  and  well 
washed  with  water,  the  blood  and  other  liquids  contain- 
ed in  it  are  separated^  and  part  of  the  muscular  sub- 
stance also  is  dissolved.  The  muscle,  by  this  process> 
is  converted  into  a  white  fibrous  substance,  still  retain- 
\t)^  the  form  of  the  original  body.     The  water  assumes 
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^B— i  V,  the  c<i]<mr  which  resalts  from  mtatin^  water  with  wofim 
Mood.  When  hnted  it  coiigulatcs;  brovro  flikcs  iwim 
on  the  surface^  consisting  of  albunieo  combined  wiib 
the  colouring  matter  of  ihe  blood :  some  fibfisi  Hke. 
wise  precipiutcs.  If  the  evaporation  be  contiiiiidf 
more  albomen  precipitates^  and  at  last  the  whole  as^ 
itisies  the  form  of  a  jelly*  When  craporated  to  ixj" 
Ate,  and  treated  with  alcohol^  the  gekctoe  thtu  fonad, 
together  with  a  little  phosphate  of  soda  mod  of  ami6. 
ctiftp  remains  undissolved^  but  the  alc0hol  disaolvcai 
peculiar  extractivi  matter,  first  observed  bj  ThoiiTcnd. 
This  matter  may  be  obtained  by  evaporating  the  ako- 
bol  to  dryness*  It  has  a  reddish  brown  colour,  a  strong 
acrid  taste,  and  aromatic  odour.  It  is  soluble  bedi 
in  water  and  alcohol ;  and  when  its  watery  solntion  b 
very  much  concentratedi  it  assumes  an  acid  and  bilicr 
lute.  It  swells  upon  hot  coals,  snd  melts,  emittiskg  m 
acid  and  penetrating  smelK  It  attracts  metttnre  b^m 
the  air^  and  forms  a  saline  effiorcsceuce.  In  a  bol^^^ 
mosphere  it  becomes  sour  and  putrefies.  When  distJO^I 
it  yields  an  actd  partly  combined  with  ammonia* 
r  ioc  ws*  2*  If  the  muscle,  after  being  thus  treated  with  cold 
water,  be  boiled  for  a  sulTicient  time  in  watcTp  an  idfi* 
tional  portion  of  the  same  substances  arc  separated  from 
H.  Some  albumen  collects  on  the  surface  in  the  fom 
of  seum^  accompanied  with  some  melted  fai«  The  vi- 
ler, when  sufficiently  concentrated  by  cvapocatioii|  ti* 
somes  the  form  of  a  jelly*  When  evaporated  to  dry- 
ness, and  treated  with  alcohol,  the  gelatine  and  phoi* 
phoric  salts  remain,  while  the  extractive  matter  rf 
Thonvenel  is  dissolved,  and  may  be  obtained  by  eft* 
porattng  to  dryness.  It  is  by  this  process  that  it  b 
procured  in  a  sufficient  quantity  for  txamination,  coU 
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water  a\»stracttag  onlj  a  very  small  portion  from  the  ^^U* 
aiusde. 

3*  The  muscle^  thus  treated  with  water,  is  left  in  tbe   imoVuVV 
slate  of  grey  fibres,  insoluble  in  water,  and  becoming 
brittle  when  dry.    This  substance  possesses  all  the  pro- 
perties oijthrin* 

4.  From  these  facts,  ascertained  by  Tbouvenel  and 
Fourcroy  %  it  appears  that  the  muscles  are  composed 
chiefly  of  fibrin,  to  which  they  owe  their  fibrous  struc- 
ture and  their  form,  and  that  they  contain  also 

2.  Albumen  S*  Phosphate  of  soda 

3 .  Gelatine  6.  Phosphate  of  ammonia 
4*  Extractive       7.  Phosph.  of  lime  and  carb.  of  do. 

For  ihc  discovery  of  the  last  ingredients  we  are  indebt- 
ed to  Mr  Hatchett,  who  found  that  500  parts  of  beef 
muscle  left,  after  combustion,  a  re&iduum  of  25*6  parts, 
consisting  chiefly  of  these  salts.  When  muscles  arc 
long  boiled  in  water,  Mr  Hatchett  found  that  tlie  great- 
er pari  of  the  phosphate  of  Ume,  as  well  as  of  the  aU 
kalioe  phosphates,  was  dissolved  ;  for  the  muscle,  after 
this  treatment,  when  dissolved  in  nitric  acid,  yielded 
scarcely  any  phosphate  of  lime  ;  whereas  if  it  was  dis- 
folved  directly  in  nitric  acid,  a  precipitate  of  phosphate 
of  lime  was  thrown  down  by  ammonia.  Hence  it  would 
appear,  either  that  the  phosphate  of  lime  is  united  to 
gelatine,  or  that  it  is  rendered  soluble  by  means  of  it. 
The  carbonate  of  lime  still  remains  after  the  action  of 
water,  and  is  convertrd  into  oxalate  when  the  muscle 
i%  treated  with  nitric  acid. 

Fourcroy  and  Vaucjuelin  have  likewise  detected  tbe 
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Very  liitle  ammonia  was  given  out  duting  the    /^^^, 
cess  •. 

K  The  muicles  of  different  animals  differ  exceeding.  jyiStr&t. 
Mm  each  other  in  their  appcararvce  and  propcrlici,  njuick*. 
east  as  articles  of  food  ;  but  wc  know  little  of  their 
micsl  differences.  The  observations  of  Thouvcncl 
le  were  directed  to  that  objecr,  and  they  are  imper- 
.  The  flesh  of  the  ox  contains,  according  to  him^ 
greatest  quantity  of  insoluble  matter,  and  leaves  the 
Uett  residuum  when  dried  ;  the  flesh  of  the  caif  is 
re  aqueous  and  mucous  :  the  land  and  water  ttirik 
ds  more  matter  to  water  than  the  muscle  of  the  ox  ; 
Thouvencl  ascribes  the  difference  to  foreign  bodies^ 
Igmments,  &c«  mixed  with  the  muscle  of  the  turtle: 
2r  yield  to  water  a  quantity  of  matter  intermediate 
ween  that  given  by  beef  and  veal :  with  tliem  the 
iclcs  of  Jf'Qgif  Cray  Juh^  and  vifiert,  agree  nearly  in 
respect ;  but  the  muscles  of  fresh  water  fish,  oot- 
[istanding  their  softness,  yield  a  considerably  small- 
proportion  +* 

.  When  meat  is  boiled,  it  is  obvious  that  the  gela* 
,  the  extractive,  and  a  portion  of  the  salts,  will  be 

rd,  while  the  coagulated  albumen  and  flbrin  will 
in  a  solid  state.  Hence  the  flavour  and  thenoa« 
ing  nature  of  soups  derived  from  the  extractive  and 
itinc.  When  meat  is  roasted,  on  the  other  hand,  all 
le  substances  continue  in  it,  and  the  taste  and  odour 
he  extractive  is  greatly  heightened  by  the  action  of 


*  Mem.  tfjifevtiit  l  333. 

'  Sonie  erpenmeiiM  on  the  gi«2ardi  or  mu«tibr  rtonintht  of  to^U 
ir.hMn  publi»hed  by  Bouilloo  La  Grif>ge.    Sre  Nkhot*c^n*A  J*ufH^t^ 


S2a  PARTS  or  AVUCAU. 

,^'*^^' .  the -fire.  Hence  the  superior  flavour  of  roeslri  a^^ 
Fonrcroj  supposes  that  the  brown  amatwtiAfnJ 
on  roosted  meat  is  composed  entixelj  of  the  otnWj. 


SECT.  IV. 


or  THE   SKIK. 


^Hl  skin  is  that  strong  thick  coveriag  wUohcMl^ 
lopes  the  whole  external  surface  of  animals.  It  ii  am 
posed  chiefljr  of  two  parts :  a  thin  white  elastic  hyttw 
the  outside,  which  is  called  epidermis  or  aaiekiwij^ 
much  thicker  layer,  composed  of  a  great  mnjfl 
doselj  interwoven,  and  disposed  in  difierent  direfimi; 
this  is  called  the  ctttis,  or  true  lUm.  The  efiiumli. 
that  part  of  the  skin  which  is  raised  in  blistess.  '' 
Epidermit.  1.  The  epidermis  is  easilj  separated  firomtheotif 
bj  maceration  in  hot  water.  It  possesses  a  vefjgni* 
degree  of  eltsticitj. 

It  is  totally  insoluble  in  water  and  in  alcdiol.  hi 
fixed  alkalies  dissolve  it  completely,  as  does  lioKQD^ 
wise,  though  slowly  *.  Sulphuric  and  muriatic  scifc 
do  not  dissolve  It,  at  least  they  have  no  sensible  scfa 
on  it  for  a  considerable  time  ;  but  nitric  acid  socQ  dfr 
prives  it  of  its  elasticity,  and  causes  it  to  fall  to  pieces  f. 
It  is  well  known  that  the  living  epidermis  is  tinged  jd- 


•  Chipul,  Ann,  d*  Chim.  zxii.  111.  But  DaTj  could  obtam  oo loliti* 
I  Cruiklbankl  oo  Jmtensible  Perspiratiofif  p.  3a, 


SUV.  SZ9, 

aost  taitantaneousl;  hf  nitric  icid  f  but  dits  ef*     Chap^  IL 

es  not  take  place,  at  least  so  specdiiyi  when  the 

rcttticle  is  plunged  in  nitric  acid  altogether  ^« 

the  cuticle  be  tinged  with  nitric  acid^  the  applies^ 

'  ammonia  to  it  is  well  known  to  giire  it  tniUma- 

a  deep  orange  colour*     Now,  as  Hatchctt  has 

\  that  this  change  is  also  produced  npon  coagula- 

imen  in  the  sune  circumstances^  and  as  the  epi- 

resembles  that  substanoe  in  all  the  properties 

k  detailed,  it  can  scarcely  be  doubted  that  it  is  anj 

!  than  a  peculiar  modiEcation  of  coagulated  al* 

cutis  is  a  thick  dense  membrane^  composed  ^**^ 
es  interwoven  like  the  texture  of  a  hat-     When  it 

t rated  for  some  hours  in  water,  and  agitation  and 
e  are  employed  to  accelerate  the  effect^  the  blood, 
the  extraneous  matter  with  which  it  was  loaded, 
sirated  from  it,  but  its  texture^re mains  unaltcred« 
porating  the  water  employed,  a  small  quantity 
■jelatine  may  be  obtained.     No  subsequent  macera- 
I  cold  water  has  any  farther  effect.    When  distill^ 
fields  the  same  products  as  fibrin.     The  concen- 
alkalies  dissolve  it,  converting  it  into  oil  and  am- 
la.     Weak  acids  soften  it^  render  it  transparent, 

t;  last  dissolve  it.  Nitric  actd  converts  it  into  0Ka« 
i  and  fat^  while,  at  the  same  time,  azotic  gas  and 
r  acid  are  emitted  f.  When  heated  it  contracts, 
en  swells,  exhales  a  fetid  odour,  and  leaves  a  dense 


^•  ^ntHcfhaoki  on  fnttntihU  Pfrtpim'um^  P*  3** 
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comfiositioD  m  water  or  moist  cartb^  it  it  coo  vetted 
a  fatty  matter  and  into  ammonia,  which  conipoaem 
of  soap*.     When  allowed  to  remain  long  in  wHtf, 
ftoftenn  andputrefieSy  being  courerted  inU>a  kind  of )( 
If*     When  long  boiled  in  water  it  beoomes  gektinoovl 
and  dissolves  complelelyr  constituting  a  viscid 
whicliy  by  proper  evaporation^  is  converted  into 
Hence  the  cutis  of  animals  ii  commonly  cmplo; 
the  manufacture  of  glue. 

From  these  facts  the  cutis  appears  to  be  a 
modification  of  gelatine  enabled  to  restat  the 
water^  partly  by  the  compactness  of  its  texture^  andpwt^ 
ly  by  tiie  viscidity  of  the  gelatine  of  which  it  b  htm 
ed;  for  those  skins  which  dissolve  most  readily  in  boil- 
ing water  afford  the  worst  glue.  Mr  Hatchett  l»se]^ 
served  that  the  viscidity  of  tlie  gelatine  obtained  6w 
skins  is  nearly  inversely  as  their  flexibility,  the  suppleic 
hides  always  yielding  the  weakest  glue  ;  but  this  glue 
is  very  soon  obtained  from  them  by  hot  water.  Tkc 
akin  of  the  eel  is  very  flexible^  and  affords  very  reidiljr 
a  great  proportion  of  gelatine.  The  skin  of  the  ihsri: 
also  readily  yields  abundance  of  gelatine  ;  and  the  isoie 
remark  applies  to  the  skins  of  the  hare^  rabbttp  calf,  ui 
ox;  the  difficulty  of  obtaining  the  glue  and  Its  goodow 
alwa)^s  increasing  w  ith  the  toughness  of  the  hide*  Tk 
hide  of  the  rhinoceros,  which  ts  exceedingly  strong  si^ 
tough,  far  surpasses  the  rest  in  the  difficulty  of  solutios 
and  in  tlie  goodness  of  its  glue.  When  ski  us  are  hoi* 
ed»  they  gradually  swell  and  assume  the  appcaisouiil 
horn :  then  they  dissolve  slowly. 
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It  is  firotn  the  skin  or  cutis  of  animals  that  leather 
led ;  and  the  goodness  of  the  Jeatheri  or  at  least 
strength,  depends  in  some  measure  on  the  toughness 
the  htdes^  Those  easilj  soluble,  as  seal  skins^  afford 
weaker  leather  than  those  which  are  more  difHcultly 
Ittble  in  water.  The  process  by  which  the  skins  of 
lals  arc  converted  into  leather  is  called  tannings 
ms  to  have  been  known  and  practised  in  the  ear^ 
mges  I  but  its  nature  was  totally  unknown  till  after 
discovery  of  the  tanning  principie  by  Seguin*  That 
iirmist  ascertained  that  leather  is  a  compound  of  tannin 
Dd  ikin  ;  that  it  is  to  the  tannjn  that  leather  owes  its 
tisolubility  and  its  power  of  resisting  putrefaction*  The 
ubjcct  has  lately  engaged  the  attention  of  Mr  Davy* 
rba  has  examined  it  with  hisususl  ingenuity,  and  add* 
d  severd  important  facts  to  our  former  knowledge. 

When  skins  arc  to  be  taimed,  the  first  step  of  ^  Prepantioii 
locess  IS  to  deprive  them  of  their  hair  and  cuttCil« 
lis  is  either  done  by  steeping  them  in  water  till  they 
cgin  to  putrefy,  or  by  steeping  them  in  Hme  and  water, 
rhc  lime  seems  to  combine  with  the  cuticle^  and  toren- 
br  it  brittle  and  easily  detachable  from  the  hide*  It 
nroduces  the  same  effect  upoii  the  hair  and  the  matter  at 
ts  root  ♦.  When  the  hides  have  httn  steeped  for  a  suf^ 
tient  lime,  they  arc  taken  out,  the  hair,  cuticle,  Uo^ 
rraped  off,  and  then  they  are  washed  fn  water; 
After  this  preliminary  process,  the  skins  arc  subject^ 
I  to  different  treatment  according  to  the  kind  of  lea- 
\cf  which  is  to  be  made. 

■ge  and  thick  hides  are  introduced  for  a  short 
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tod  leave  nothing  behind  but  pure  water^  pror 

cy  be  employed  ia  suiHcient  quantity.     Hence 

iouS|  that  both  the  tannia  and  extractive  must 

the  composition  of  leather*     The  extractive 

be  hide  a  brown  colour,  but  doea  not  render  it 

in  boiling  water  9  the  tannin  renders  it  inso^^ 

^txt  its  colour  continues  whitish.      Hence  it  is 

bat  the  lightest  kinds  of  leather  contaiik  Utile  else 

9y  while  the  brown  kinds  contain  both  tannin 

ractive.    While  the  hides  are  allowed  to  remain 

ifiision  of  bark,  thcj  combine  of  coune  with 

id  extractive,  and  the  new  compound  is  leatbtr. 

he  reason  of  the  increase  of  its  weight* 

E  skins,  and  those  hides  wbich  are  prepared  by 

r,  are  first  steeped  in  weak  infnsions  of  oak 

lind  gradually  removed  to  stronger  and  stronger, 

are  completely  impregnated,  which  takes  up 

90  to  four  months.     As  the  weak  infusions  ««l* 

reater  proportion  of  extractive,  the  consequence 

process  is,  that  the  skin  combines  in  the  first 

rith  a  portion  of  it,  aod  afterwards  with  the  tan- 

/ben  saturated  solutions  of  tannin  are  employed, 

ii  formed  in  a  much  shorter  time*      This 

process  recommended  by  Seguin  i  but  tt  has 

bserved,  that  leather  tanned  in  this  way  is  more 

more  liable  to  crack  than  leather  tanned  in  the 

way.     Hence  it  is  likely,  as  Davy  has  observed, 

union  of  the  extractive  is  requisite  to  form  pli* 

tough  leather.     Leather  rapidly  tanned  must 

Irequable  ia  its  texture  than  leather  slowly  tanned, 

(surface  must  be  saturated  with  tannin  before  the 

has  time  to  penetrate  deep.     Mr  Davy  has  as- 
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certaificd  thit  skins,  while  Unniog»  seldom  mbtorli 
Ihan  |d  of  iheir  wei^l  of  vcgeUbIc  maiCer. 

Skitit  intended  for  sole  leather  are  generallj  CjF 
from  tlie  first  to  %n  infosioo  preserved  aesrly  satunttl 
b/  means  of  the  strata  of  btrk  with  which  ihejr  fthir^ 
ntte*  The  full  impregnation  requires  from  ten  to  d|1it< 
eea  months.  It  h  ttkel/^  from  this  process,  that  sek 
leather  coouins  ai  greater  proportion  of  tannin  thio 
leather*  'While  drjin^,  it  is  smoothed  with  a  iqIm 
pin,  aivd  beat  with  a  malkty  which  moat  add  coorar. 
•bljT  to  its  densif  jr  •* 

^4*  At  to  the  rtU  mnmntm^  or  the  mucooa  stibitio^ 
siAated  between  the  catb  rera  and  epidermis^  its  ami* 
position  ttnnoi  be  determined  with    pr-       "         bectoai 

its  qoantitjr  it  too  small  to  admit  of  cxa .41.    Iiti 

known  that  the  Mack  coloor  of  negroes  depends  iipoo  % 
black  pigment,  Mtuated  in  this  substance.  Oxymoxnik 
aeid  deprives  it  of  its  btaek  colour,  and  tw  '  '  veU 
low.      A  negro,  by  keeping  his  foot  for  »i    ;  •  iii 

water  impregunted  with  that  acid,  deprived  if  of  its  co. 
lour,  and  rendered  it  ncaily  white  ;  but  in  a  fcwdtts 
the  black  colour  returned  again  with  its  former  imeim* 
ty  f .  This  experiment  was  first  made  hj  Or  Boddeet 
on  the  fingers  of  a  negro  t. 
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or  MEMBRAKes^  TENDOKS,  tlGAMEHTS,  A5f fi 

k  GLANDS, 

iubstances  have  not  hitlierto  been  subjected  to 
rigid  chccnical  ^nal^sis.      But  from   the  proj>ertie9 
icb  ha^e  been  observed,  thc;^  appear  to  hai^e  a  closer 
lajice  to  the  skin  than  to  any  other  aniiDal  &ub- 

niembtanes  are  tbin  semi  transparent  Wdres  Mem- 
th  covelope  certain  parts  of  the  body,  especially  the  ^^^'^ 
pcera  ;  such  as^  the  dura  and  pia  mater,  the  pleuift, 
c  peritoneum^  the  periobteum,  Stc.  These  sub^tai^^ 
^  sc^ft  and  pliable  ;  when  macerated  In  watcr^  ihty 
tell,  and  become  somewhat  pulpy  ;  and  by  continued 
^ooction  in  hot  water  they  are  almost  completely  dls- 
jgcdj  and  the  solution  concretes  into  gelatine.     They  *"*•**' 

avertible  of  course  into  the  same  substance  as  r.\c 
Tby  decoction  ;  hence  we  must  consider  their  com- 
^ittion  as  similar.  Like  hides  they  mi^y  also  be  t^n*  Retrmble 
td  «i»d  converted  into  leather.  From  the  experiments  ' 
FMf  Halchett,  it  appears  that  they  contain  no  phos* 
hate  of  lime  as  a  constituent  part,  and  scarcely  any  «a- 
ne  ingredients ;  for  when  calcined  they  leave  but  a 
ery  inconsiderable  residuum.  Thus  250  grains  of 
i)j*»  bladder  left  only  0*02  grainW  residuum*. 


ritit.  Tram,  1799,  p.  3^h 


2.  The  tendoQi  are  strong,  peirl-ooloiired,  brilliiBl! 
bcdici,  which  terminate  ibc  mnsclest  fto4  i^tii^cli  them  la 
the  bonesy  and  are  known  in  canaoion  language  bj  thfl 
name  of  sinews.  When  boiled  thej  uaume  the  fono 
a  sen)itran«parent  gelatinous  substance,  of  a  pl^asBl 
taiie«  well  known  in  boiled  meal*  If  tbc  decoction  bi 
coDtinned  thej  dii>i^olve  corapletelji  aod  are  cooveded 
into  gelatine.  From  theie  facts  we  are  authorized  la 
conclude,  that  the  composition  of  the  lendofss  is 
to  that  of  the  oiembranes  and  cutis* 

L%amctits.        3^  yhe  ligaments  are  strong   bands  which    bii 
bofnes  together  at  the  different  joints  :   ihrj  are  6 
substances,  very  dense  and  strong,  and  soixiewbat 
tic.     When  boiled  thc^  yield  a  portion  of  gelatine^  lit 
they  resist  the  action  of  water  with  great  obstinacy,  wi 
after  a  great  deal  of  boiling  retain  their  form,  and  twm 
their  strength*     Tlie  ligaments,  ffaen^  djffer  esaeniisll^ 
frolki  the  two  last  species.     How  far  they  resembk  co. 
agulatcd  albumen  remains  to  be  ascertained.     It  is  not 
unlikely  that  they  will  form  a  genus  apart, 

Clinda.  4^   The  glands  are  a  set  of  bodies  employed  to  torn 

or  to  alter  the  different  licjuids  which  arc  cmplojM  for 
different  purposes  in  the  animal  body.      There  sie  two 
sets  of  them  :  the  cenglotaU^  which  are  small^  satteretf 
in  the  course  of  the  lymphatics}  and  tl 
such  as  the  liver,  kidneys,  &c.    Fourcioj  ^ur^ 
first  of  the»e  to  be  composed   of  gelatine  ;   bii  t 
not  very  probable.     The  structure  of  the  large  gkadJ 
has  been  eaamined  by  anatomists  with  great  care ;  bu7 
we  are  still  ignorant  of  their  composirioo.     Indeed  tb( 
present  state  of  chemistry  scarcely  admits  of  an  aetti. 
rate  analysis  of  these  complicated  bodies. 


BRAIN  AVB  NERVES. 
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or  T8C  BRAIN  A}fD  KBR^BS. 


HE  brain  and  nerves  are  the  instrunieots  of  sensa* 
tioD,  and  even  of  motion  ;  for  an  aniinal  loses  the  power 
pf  movitig  a  part  the  instant  that  the  nerves  which  enter 
!  are  cut 

The  brain  ana  nerves  have  a  strong  resemblance  to 
each  other ;  and  it  is  probable  that  they  agree  alto  in 
their  compo&iiion.  But  hitherto  no  attempt  ha$  beeil 
made  to  analyse  the  nerves.  The  only  chemists  who 
have  examined  the  nature  of  Brain  arc  Mr  Thouret  * 
and  Mr  Fourcroy  t* 

The  brain  consists  of  two  substances,  which  differ  Pf^pmiei 
from  each  other  somewhat  in  colour^  but  \^*hich^  In 
other  respects,  seem  to  be  of  the  same  nature.  The  oat- 
rnnost  matter^  having  some  small  resemblance  in  cotbor' 

wood-ashesy  has  been  called  the  cimritious  parti  the 
inermost  has  been  called  the  medullary  part. 

Brain  has  a  soft  feel,  not  unlike  that  of  soap ;  its  tC3i^- 
tnre  appears  to  be  very  close  ;  its  specific  gravity  is 
greater  than  that  of  water. 

When  brain  is  kept  in  close  vessels  stf  that  tftc  t^u*- 
iial  air  b  excluded,  it  remains  for  along  time  analtered. 
Fourcroy  filled  a  glass  vessel  almost  completely  witlh 
pieces  of  brain,  and  attached  it  to  a  pneumatic  appa. 
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rstoi  \  1  few  bybbles  eif  carbonic  add  gai  appeired  it 
fiffty  but  it  remained  above  a  jear  wtlliout  ttndergotog 
«aj  farther  diange  * . 

Tbii  ti  very  far  frorn  bring  the  ca^c  wmi  urAui  ei» 
poicil  10  the  atmosphere,  Iti  a  few  d^ja  (at  the  tern* 
peralure  of  50^)  it  exhales  a  moitdcle^thle  odotir^  be- 
comei  acid  I  assumes  a  green  coloarj  and  irrrjr  soon  9 
great  quant] ^^  of  ammonia  makts  its  appeamnce  ♦"  '* 

Cold  water  docs  not  dissolve  aiiy  pan  of  the  i 
but  bf  trituration  ii>  a  mortar  it  fonss^  with  water^  a 
whiiisli'CoIoured  cmuhiort,  wbich  appears  homogcn«o«if» 
may  be  pai^scd  through  a  fitter^  and  the  brain  does  i 
precipitiite  by  rest.  When  thti  emulsion  ti  heaf 
145*^1  a  iwhite  co^gulum  is  formed.  The  additioo  < 
great  quantity  of  water  ako  causes  a  coagtUtim  to 
pcar^  which  swims  on  the  surface,  but  the  water  siaU 
retains  a  milky  irolour.  When  sulphuric  icid  ts  dropt 
into  the  watery  emulsion  of  brainy  white  flakes  teparatr 
and  swim  on  the  surface,  and  the  liquid  becomei  red* 
Nitric  acid  produces  the  same  cSccts,  only  the  liqmd 
h^omes  yellow*  Alcohol  also  separates  a  white  co«* 
gjpilum  from  the  cmuhion,  after  it  has  been  mtxcd  arith 
it  for  some  hours.  When  nitric  acid  ta  added  to  the 
emultion  tiU  it  becomes  slightly  acidp  a  coagukm  i^ 
also  separated*  This  coaguluoi  is  of  a  white  colour  ^  it 
is  insoluble  in  water  and  in  aicohoK  Heal  solteiiSi  but 
does  not  melt  it.  When  dried  it  becomea  transpsreat, 
and  breaks  with  a  glassy  iracture.  It  has  thertfoce 
some  resemblance  to  albutmn  f  • 

When  brain  is  triturated  in  a  mortar  with  diluted 
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sulphuric  acid,  pan  is  dissolved  5  the  rest  miy  he  sepa- 
rated^ by  filtration,  in  the  form  of  a  coagulum*  The 
acid  liquor  11  colourless.  By  evaporation^  the  liquid 
becomes  black,  sulphurous  acid  is  exhaled,  and  crystals 
appear  ;  and  when  evaporated  to  dryness,  a  black  mass 
remains  behind.  When  this  ma«s  is  diluted  with  ^atcr, 
a  quantity  of  charcoal  separates^  and  the  wsiter  remains 
clear  :  The  brain  is  cotopletely  decomposed,  a  quan- 
tity of  ammonia  combines  with  the  acid  and  forms  sul- 
phate of  ammonia,  while  charcoal  is  precipitated.  Thfe 
water,  by  evaporation  and  treatment  with  alcohol, 
yields  sulphates  of  ammonia  and  lime,  phosphoric  acid, 
and  phosphates  of  soda  and  ammon}a«  Brain  therefore 
contains 

?hosphatc  of  lime 

soda 

/ ammouia. 

•^Traces  also  of  sulphate  of  lime  can  be  diseotWed  in 
it.  The  quantity  of  these  salts  is  very  small ;  altogether 
ihey  do  not  amount  to  TT'^th  part*.  • 

Dilntcd  nitric  acid,  when  triturated  with  brain,  like- 
ww  dissolves  a  part,  and  coagulates  the  rest.  The  so- 
lution is  transparent.  When  evaporated  till  the  acfd 
becomes  concentrated,  carbonic  acid  gas  and  nitrous  gns 
«fc  disengaged  ;  an  effervescence  takes  place,  white 
fumes  appear,  an  immense  quantity  of  ammonia  is  dit- 
engaged,  a  bulky  charcoal  remains  mixed  with  a  consi- 
derable quantity  of  oxalic  acidf. 

When  brain  is  gradually  evaporated  to  dryness  by 
fhc  beat  of  a  water  bath,  a  portion  of  transparent  liquid 
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friMO  tfcc  i^sty  and  the 
r  ^ry^  weqturtM  a  browa  caloar  ;  tls  w^ 
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I  camhioii  with  water,   but 
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is  repc^tedi/  boiled 


am  dU  U  oeasea  to  have 


aay  mone ; 


this  it. 


iblvci  about  fi^'e.eighths  of  the  whole, 
eobol  ooob^  it  depoiitca  a  jellowish  wbiie 
copipoaad  of  briUiant  plates*  When  kneaded  togelkr 
bj  the  fiofcny  it  assumes  the  appemraace  of  a  dftd^ 
pute :  U  the  teisperatare  of  boiling  wmier  k  bctOHp 
soft,  t^  when  the  heat  is  tjicreaied  it  blackfia%  exbalci 
cfltpjreitaiatic  and  acDmoDiacal  fames,  aod  leaves  bcUi^ 
H  a  ctwry  Skaiter  *.  Wbca  the  afcobol  U  enpom^ 
il  depOMiei  a  jellMrish  black  matiert  which  reddoi 
paper  tinged  with  loraiole,  and  readilj  diAiaci  iisif 
ifefoigli  water  f. 

Pure  cooacotratcd  potash  dissolTes  braiat  diseoga|iy 
a  great  qttlKtity  of  ammoota. 

These  bets  are  sufiicient  to  show  tu  tJtas,  cadjaite 
of  the  small  pToporttoa  of  saline  iogredicatSs  bru  ii 
eompoird  of  »  pccaliar  matter^  differing  in  many  pad^ 
csilars  from  all  other  animal  subsLaocea^  botbiYiaga 
coosidersble  resemblance  in  manj  of  its  propertiei  t  a 
albumen*  Brain  has  been  compared  to  a  soap  ^  buii 
is  plain  that  the  resemblance  is  Terjr  laint,  aa  scarcdf 
any  oil  J  matter  could  be  extracted  from  brain  bj  Foof' 
croj^  though  be  attempted  it  bj  sU  the  oootrifance 
.^tikh  the  present  state  of  cbemiatrj  suggested  i  and  tbe 
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Ictllne  porttoo  of  it  is  a  great  deal  too  small  to  oieril     <^^*  i'*' 
■ay  attention,  ' 
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I  Er£  fioUows  of  th«  long  booes  are  in  living  ammalt 
filled  with  a  peculiar  species  of  fat  matter,  to  which 
the  name  of  marrow  has  been  gircn.  In  some  bones 
Ihis  matter  is  a  good  deal  mixed  wirh  bloody  and  has  a 
red  colour;  in  others,  as  the  thigh  bones,  it  is  purer^  and 
tiaa  a  yellow  colour*  Various  experiments  on  this  mat* 
ter  were  made  by  the  older  chemists,  showing  it  to  be 
analogous  to  animal  fata*,  and  pointmg  out  some  of  its 
peculiarities.  Berzelius  has  lately  examined  it  in  de- 
fall,  and  published  the  results  of  his  experiments  f. 
The  marrow  oo  which  his  trials  were  made  was  ob- 
tained from  the  thigh  bone  of  an  ox. 

1,  When  marrow  is  digested  in  cold  water  it  becomes   ^^^^  ^^ 
lighter  coloured,  while  the  water  acquires  the  colour   told  water. 
which  it  would  have  received  had  it  been  digested  on 
blood*     When  this  water  is  boiled  it  becomes  muddy, 
Bod  a  dark  brown  matter  precipitates.      This  matter 
consists  of  coagulated  albumen  mixed  with  some  pbos* 
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pbtle  of  lime,  miMl  pboiphite  of  iroo.  A  tmall  por* 
turn  of  «  yellow  coloured  salt  it  diiaolved  bj  the  vc^ 
tion  of  alcohol  or  water*  Tbti  matter  tcpirated  from 
marrow  by  watrr,  h  obviously  owtog  toibe  blood  wiili 
wbich  It  was  mixed.  The  quantity  whicb  Bersdias 
obtaioed  from  marrow  amouDt«d  to  Tn^^  P^^  ^f  tl*.^ 
whole*  The  portion  of  it  dis»oh*ed  by  water  and  aloa« 
hoi  consisted  partly  of  gelatine  and  cofnmoia  aalt,  isd 
partly  of  the  peculiar  e^tractiTe  matter  oblsitied  by 
Thouvenel  from  the  muscles  of  animals^  and  deacribed 
in  the  Third  Section  of  this  Chapter.  The  proporlioa 
of  tbete  substances  obtained  by  fierz.eliua  from  ntafrofri 
amountod  lo  about  y^i^th  part  of  the  whole* 

2*  When  marrow  is  boiled  in  water,  tlio  gn 
part  of  it  melts  and  swims  upon  the  surfiace  of  ih«' 
qaid.  The  water  is  at  first  muddy  and  milkjff  bat  ba» 
comes  transparent  on  staading.  Wheo  paaaed  througl^ 
the  tiller  a  substance  is  separatedt  which  bcootnes  frtf • 
ish  green,  and  semi  transparent  when  dry.  Mof?af 
this  tnatter  precipitates  when  the  liquid  is  rraporaied. 
When  the  water  is  evaporated  to  dryness,  a  mbataafi 
is  obtsinedof  a  sharp  aromatic  uste  like  the  oiarrtvvif 
xoasted  meat.  Tbese  two  substances  cou^st  chiefly  of 
extractive^  gelatine^  and  a  peculiar  substance  wltkfa  t^ 
proaches  the  nature  of  albumen  in  its  properties* 

D.  When  marrow^  thus  purilied,  is  tnehed  in  wittr 
aod  passed  through  a  clctli^  a  quantity  of  blood  vesaili 
and  akius  remain  upon  the  clothe  amouotiiig  to  about 
-r^jr^lh  part  of  the  whole* 

4-  Marro  w>  thus  freed  from  its  iropurittetp  has  a  white 
colour  with  a  shade  of  blue  j  its  taste  is  insipid  nd 
rsthcr  sweetish,     h  softens  by  the  heat  of  the  btodf 
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and  mcUs  when  heated  to  113**  *.  When  cooled  dowly 
i$  crystallizes  in  sphericles  like  olire  oil.  It  burns  with 
a  flame  like  tallow.  When  di^ttiUed  it  gives  first  a  trans* 
parent  fluid  yellowish  oil,  accompanied  by  carbonic  acid 
gaS|  water^  and  heavy  inflammable  air^  Afterwards 
there  comes  Over  a  white  solid  oil,  accompanied  by  a 
lets  copious  evolution  of  gaseous  bodies,  and  which 
does  not  become  dark  coloured,  as  happens  when  tallow 
is  distilled..  This  had  already  been  observed  by  Neu* 
mann.  This  solid  oil  has  a  disagreeable  smelly  amounti 
lo  0*8  of  the  marrow  distil] ed«  reddens  vegetable  blues, 
ftad  when  boiled  in  water  gives  out  a  portion  of  sebacic 
sicid,  which  Berzelius  considers  as  benzoic  acid* 

Theempyreumaticoil  combines  readily  with  alkalies 
and  their  carbonates.  With  the  latter  it  forms  a  snow 
^hite  soap,  insoluble  in  water*  though  it  increases  in 
bulk  when  placed  in  contact  with  that  liquid.  It  com* 
bines  also  wirh  the  earlhsi  and  forms  soaps  likewise  in- 
soluble  in  water* 

The  water  which  comes  over  during  the  distinction 
of  marrow  is  colourlessi  has  a  fetid  and  sour  smell,  and 
an  empyreumatic  taste.  It  contains  a  little  acetic  acidp 
empyreumatic  oil,  and  probably  benzoic  acid  j  but  ex- 
hibits no  traces  of  ammonia. 

The  gaseous  products  amount  to  V^th  of  the  marrow 
distilled.  They  contain  no  sulphur  nor  phosphorus, 
and  consist  of  carbonic  acid  and  heavy  inflammable  air^ 
which  burns  with  a  white  flame,  and  seems  to  contain 
oil  to  solution. 
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•  Bcr^fUuKtyiat  4?*^.     Tblitixi^''  FihrciiKeTt,  if  Cclciu»*  tktr* 
flioaictcr  be  meant,  at  t*  pobible.    If  it  be  Rcnumur*!*  tj^e  mcltui^  poinr 
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'  the  rmrrow  diftiilcd.     It  is  dark,  brown,  htmrj  tad 

briUiftnt*      It  is  inciQenitied  with  difficulty,  mud  Ictvu 

an  «th  cDn4t>iting  of  phasphntc  of  Um«,  eaH>oo»t«  of  Uim^ 

tod  too^  sod  at* 

ActioBor  5.  Concenfrftted  scilphortc  icid  dmohret  m^mm 
ynfiihwit  the  asstsrrance  of  beat*  The  soloiioti  h«s  the 
ippetranee  of  ai  brown  s3mip  i  and  when  the  «rid  b 
diluted  with  water  the  marrow  separates  unmlteivd* 
When  heat  is  applied,  the  acid  dacompoaca  the  manow 
and  foriDS  a  resinous  ooa]. 

Diluted  nitric  acid  digeiled  ta  marrow,  in  a  modcralc 
heat,  renders  it  yellow,  and  gives  it  mors  oonmtettca^ 
and  the  9inell  of  old  bones.  Ccmcentrated  nitric  acid 
dissolves  marrow  without  the  asstatance  of  heat,  aad 
the  marrow  is  not  precipitated  by  the  addition  of  watar* 
*  6;  Marrow  combines  with  alkalies  aod  forms  loayk 
Boiling  alcohol  and  ether  dissolve  a  small  ponioo  ofiv 
i^'hich  precipitates  again  as  the  Siolutioo  oooli. 

Marrow,  from  the  thigh  bone  of  an  oxt  waa  fooad  bj 
Ooiiieltv-      Bcrzelius  to  be  composed  of  the  following 
Pure  marrow  ..,•«•••«•**•••  0*00 
Skins  and  blood  vessda  ...  g*0i 
Albumen 
Gelatine 

Extricttre  ^   .,. 0*03 

Peculiar  matter 
Water 


J  00 


From  the  preceding  detail  it  appears,  that  pure  marroir 
is  a  species  of  fixed  oil,  possessing  peculiar  propertso^ 
and  approaching  somewhat  to  butter  in  its  naitttet  But 
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;  <ii8ers  considembly  in  its  appeaiance  in  difiereat  parts   ,  ^j^P-J^* 
the  bod/,  owiog  chicflj,  in  all  probability »  to  a 
er  or  smaller  mixture  of  blood« 
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Eiai  substances  cover  di^ercnt  parts  of  animals^  and 
&  c»bviou&tj  intended  b;  Nature  to  protect  them  from 
t  cold*  For  this,  tKeir  softness  and  pliability,  and 
s  slowness  with  which  thejr  conduct  beaf^  render 
nn  peeuliarlj  proper « 

1*  Hair  is  usually  distinguished  into  various  kindfi  Vatictiti* 
cording  to  its  sine  and  appearance^  The  strongest 
d  stiffest  of  aU  is  called  Irutle  i  of  this  kind  is  the 
ir  on  the  backs  of  hogs.  When  remarkably  fine^ 
and  pliable,  it  is  called  wcoi ;  and  the  finest  of  all 
wn  by  the  name  of  down.  But  all  these  varieties 
le  one  another  very  closely  in  their  compositioa« 
^air  appears  to  be  a  kind  of  tube  covered  with  a  Ptopcftu** 
tide,  its  surface  is  not  smooth,  bat  either  covered 
Ih  scales  or  consisting  of  imbricated  cones.  Hence 
roughness  of  its  feel,  and  the  disposition  which  it 
to  entangle  itself,  which  has  given  origin  to  the 
Doestcs  of  felting  and  fulling.  It  is  constantly  in* 
easiDg  in  lengthy  being  protruded  from  the  roots^  and 
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:n  the  solutioo  is  filtered  to  get  rid  of  this  oil, 
the  liquid  which  passes  through  is  nearly. colourless. 
'  Copious  precipitates  arc  formed  in  it  by  the  infusion 
of  antgalls  xnd  orymuriattc  acid.      Silver  is  blackened 
by  it,  and  acetate  of  lead  precipitated  brown,      Aeids 
render  it  turbid,  bat  the  precipitate  isredissolfed  by  ad- 
ding these  liquids  in  excess.  Though  very  much  concen- 
trated by  evaporation,  it  does  not  concrete  into  a  jelly. 
Water  containing  only  four  per  cent,  of  potash  dis» 
^hxs  hair,  while  hydrosulphuret  of  ammonia  is  evol- 
d.     If  the  hair  be  black,  u  tbtdc  dark -coloured  oil, 
some  sulphur  and  iron,  remains  undissoh'ed  ;  if 
hair  be  red,  there  remains  a  yellow  oil,  with  some 
pbur  and  an  atom  or  two  of  iron*      When  acids  arc 
t  into  this  st>]ution,  they  throw  down  a  white  matter 
uble  in  an  exces  of  acid. 

Sulphuric  and  muriatic  acids  become  red  when  firit 
ured  on  hair,  and  gradually  dissolve  it*  Nitric  acid 
t tiros  hair  yellow  and  dissolves  it,  while  an  oil  sepa* 
ratesy  which  is  red  or  black  according  to  tlie  colour  of 
the  hmir  dissolved.  The  solution  yields  a  great  deal  of 
bxalic  acid,  and  contains,  besides,  bitter  principle,  iron, 
atic!  sulphuric  acid ,  Chtymuriatic  acid  first  whitens  hair, 
tnad  then  reduces  it  to  a  substance  of  the  consistence  of 
-torpctitinc,  and  partly  soluble  in  alcohol. 

^     Wben  alcohol  is  digested  on  black  hair,  it  extracts   coJoyrinij 
^om  it  two  kinds  of  oil.     The  first,  which  is  white,   «'*^'^ 
^\ibsides  in  white   shining  scales  as  the  liquor  cools  j 
^e  second  is  obtained  by  evaporating  the  alcohol.    *Tt 
I*.  .  Jias  a  greyish  green  colour,  and  at  bst  becomes  solid. 
f^  '  tn  red  hair  alcohol  likewise  separates  two  oils;  the 
u     ^ ,  ,      white  as  from  blatk  hair,  and  the  other  as  r^d  as 
^Hlood.     When  the  red  hair  is  deprived  of  this  oil,  it 
^B  Mm  2 
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^^  ^*     IwcoflKi  of  a  cUcsnut  colour*     Hcace  its  red 
AriauAj  owiog  to  the  rod  oil* 

When  bftir  ii  tncmcrated^  it  yields  iron  and 
aesf,  phofphatCi  ujlphatr^  and  carbonate  of  lime, 
rtate  of  (oda,  and  a  coatiderable  porlton  of  «lica,  Tm 
ashes  of  red  hair  cootaia  less  iron  nd 
those  of  white  hair  still  less  -,  but  in  them  wc  find 
nosta,  which  is  wanting  in  the  other  varieties  ot^ 
The  ashes  of  hair  do  not  exjoecd  0*015  of  ttte  hair. 
From  the  preceding  experiments  of  Vamjo^Uiip 
kam  that  black  hair  is  conpoted  of  the  nine 
bg  substances : 

X*  An  aniroai  matter,  constituting  the  greatest 

2*  A  white  solid  oil,  small  in  quantity 

$#  A  greyish  green  oil,  more  abuodant 

4.  Iron  ;  state  unknown 

5*  Oxide  of  manganese 

6*  Phosphate  of  lime 

7*  Carbonate  of  lime,  verjr  scaacjr 

8«  Silica 

9*  Sulphur 
The  colouring  matter  of  hair  appears  from  Vum 
lifi's  experiments  to  be  an  oil.      The    oil  is  Usd^ 
green  in  black  hair,  red  in  red  hair,  and  white  iambk 
hair*     Vauquelin  supposes  that  sulphareted  irco  ca* 
Iriblites  to  the  colour  of  dark  hair  j  and  ascribes  t^tk 
pre»enoe  of  an  excess  of  sulphur  the  propartr  irM 
white  and  red  hair  have  of  becoming   black  vitb  tk. 
oxides  of  the  white  metals.     The  auddeti  cbm^eJ 
colour  in  hair  from  grief,  he  thinks^  is  awin|  tQ^i 
tvolmion  of  an  acid  *. 
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n  eonsidcrs  the  animal  matter  of  which  hair 
kfly  composed  as  a  variety  of  inspissated  mucus  ; 
Ibe  of  its  properties,  especiall/  its  copious  preci- 
Bi  by  tannin^  do  not  well  agree  with  that  suppo- 
K  It  seems  to  approach  more  closely  to  coagula* 
[bdinen,  as  Hatcheti  has  shown* 

has  Qot  jret  heen  subjected  to  a  rigid  estmina*  V^ool 

i  from  the  experiments  made  on  it  by  Bcrthol. 

is  reason  to  conclude  that  its  thtmical  quali* 

of  differ  much  from  thoic  of  hain    Whee  grow. 

the  sheep  it  is  cnvcJopcd  in  a  kind  of  soapy 

J  which  protects  it  frcm  the  attack  of  insects,  and 

ii  afterwards  removed  by  scouring,     Vauquelin 

ij  examined  this  matter^  and  found  it  to  consist 

bllowing  ingredients  :   1.  A  soap  of  potash  §  2* 

lie  of  potash  ;  3*  A  little  acetate  of  potash  ;  4* 

5*  A  very  little  muriate  of  potash ;  and,  6.  Aa 

Bitter  •. 

others  seem  to  possess  very  nearly  the  tame  pro-  Pcathera. 
with  hair,  Mr  Haichett  has  ascertained  that  the 
composed  chiefly  of  coagulated  albumen.  Though 
were  boiled  for  a  long  time  in  water,  Mr  Hatclw 
i  observe  no  traces  of  gelatint. 
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OOJC  if  lite  production  o^  dtilerexit    ^^iccies  oh  t^iit^ 
lars«      The fibaUna  komh/jih  niost  common ly  p?^^ 
gaticd  for  th^i  parpo&c  in  Europe  ^  t»ttl  tbc/ 
iai  jrkeJ<t»  a  greater  ^uamit^«     A  similmr  sub 
deed  is  jridded  by  U*c  grci&tcT  cumber  of  tb*.  m 
caterpjUars.      (t  is  lound  inUosed    in  two  snuH 
from  i^htch  it  it  protruded  in  fine  ihrcjidi^  la  tcnv  tk 
iiiaece  for  a  coverieg  during  its  cfjialiA.  itata*    .^ 
webs  of  spider$  arc  obviouslj  of  the  sajivf  nature  »3 
iilk;  iboiigb  tlicir  fibres^  at  least^is  Ibis^iuni 
finer  atnt  weaker.      Reaumur  and  other  v. 
certained^  fhai  the  larger  species  of  spiders  &^uu  Lcoocm 
KufEcieml^  strong   to  be  manufactured^  and  tbai  tia 
produce  was  neither  inferior  in  beauijir  p^^  yi  stiiqjl 
to  the  silk  of  the  silkworm.      Attempts    were 
consequeucc  to  establish  a  manufactory   of  this 
kind  of  silk ;  but  it  was  soon  found  that  the 
could  not  be  made  to  work  in  concert*     Tbejr  attidbf 
and  devoured  each  other  without  mercy^  till  the  vrbk 
colony  was  exterminated  to  a  single  individual. 

The  silkworm  is  a  native  of  Ghina^  and  feeds  oo  tk 
leaves  of  the  white  mulberry*  That  todusirious  oasm 
was  acquainted  with  the  manufacture  of  silk  from  ike 
n^ost  remote  ages  \  but  it  was  scarcely  known  is  £d- 
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fore  tb^  time  of  Augu&tuf*.   Its  beiyitj^  aiUacfcdi 
l^ntion  pi  the  luxuxipm.  Roioana  ;  apd  after  th^ 
pate  rfigt^  of  £higabulus,  it  bec:\iT-  "  -  -^"-or^ 
.ofdn^fi».     It  was  bcougbtfrom  Ch 
^p^use^  m^uufacturcd  again  bj  the  FlKiiicia^^ 
icdd  alf  Rome  for  its  wei^h^  of  gold*     hx  Uig,  re«gn 
iiA^ax  thiji  comnjeyce  wa$ipi«rrnniei:I  hy  the  con, 
t  dCltie  Scythi^  tribc^t  &f)4  -  jjt&  to  pro* 

K^^l«^4*tiU  twp  P^r^t^n  monks  bad  the  address 
some  of  the  eggs  of  the  insect  from  Chba  to 
[ttid^ple^  concealed  in  Uiq  hollow  of  ^  cane.    They 
^hed;^  and  the  bveed  carefuUj  propagated.    l^hU 
I7U1  dpd  {  and  somq  years  after  we  fiAd'tbt^ 
eel^  |ii>derstood  (.he  art  of  proc^riDg  and  ma* 
lag  silt  as  \^fcli  as^bc  Otieatals*  Roger,  ki^g  of 
jllirouglit  the  manufactme  to  that  isla^id  in  iiao, 
carrying  off  the  weavers  fromGrcecep  and  set- 
l^eaa  in  Sicily.     From  tl^at  island  the  art  passed 
4y,  and  thetice  into  France  :  and  the  revocation 
[,^dict  of  Nant:^  established  the  manufactory  of 
i  Britain. 

Uu  as  spun  by  the  aqimal,  ts  in  the  state  of  fine 
■^  varying  it)  colour  from  ^yhtte  to  reddish  yel* 
It  is  very  elastic,  and  ha^  considerable  strength^ 
^consider  its  small  diainetec*  It  is  covered  with 
B|sh|  to  which  its  elasticity  is  oy^ing^  This  var*- 
ft'  soluble  in  boiling  water  ;  but  alcohol  does  not 
ip^  iu  Hence  it  has  been  compared  to  a  gum^ 
Jtlf  approaches  much  nearer  to  gelatine  ^  since 
pt  has  shown  that  it  is  precipitated  by  tannin 
muriate  of  tin.  It  differs,  however,  from  gela* 
several  particulars.  Alum  throws  it  down  o£ 
^4»bJtc,  sulphate  of  copper  of  a  dark,  brown,  and 
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So(A  ▼.  solpKtte  of  iron  of  a  lirowii  cobor  *»  Whea  the  ««|« 
is  onporatedt  thtt  vtniiili  is  obmoed  of  m  Uack  o^ 
lour,  brittle^  and  of  a  thtiung  fractiire.  Its  wdgbt  h 
iicarij  ooc-third  of  the  raw  silk  Stom  which  it  wsaou 
tractcd*  It  maj  be  Mpartt«d  froiB  nlk  bj  soap  « 
well  as  wstcf^  and  the  soap  l^s  cooiaimiig  it  looo  ft 
trefj  f.  Roard  hti  latel/  fmbtijlied  s  set  of  eapeo. 
mants  on  this  msttcr.  It  ainociiila  to  23  p^r  €fm^  of 
silk*  It  is  brittle  and  hard  like  restos ;  when  pow 
its  colour  11  reddish  jellow.  It  has  the  tasta  and  odi 
of  extractive.  It  docs  not  melt  wl^en  healed*  Il4 
solves  in  five  tiroes  its  weight  of  water.  The  aolntioa  Is 
a  brown  colour^  but  when  diluted  with  water  boeoi 
golden  jcUow.  \l'hen  enpoied  to  the  air  ia  thaSttli 
it  becomes  greenish,  is  decoopeted,  and  exhalo  ttea* 
dour  of  ptitrid  animal  inttter.  Tlie  liijuid  froths  lit 
soap  leys*  Sulphuric  and  muriatic  acids  ds^es 
its  colour  ;  nitric  scid  converts  it  into  a  fine  jreUiVf 
fiilphuroui  acid  brightenn  the  colour,  and  oullis  it 
greenish  jellow.  Alcohol  scarcely  acts  upon  it.  Oqpw 
^muriatic  acid  throws  doivn  a  copious  white  pfsd^ 
tite,  which  becomes  reddish  to  the  air,  is  no  longer  io» 
luble  in  water,  but  is  very  soluble  in  alcohol.  AUtaBes 
produce  no  efftet  upon  this  substance^  lofusjon  af  sou 
galls  occasions  a  f'  ccipitttet*    These  proptrtia 

ahow  ps  that  this  lu_ — e  ts  of  a  peculiar  n8toie« 

Besides  the  varnish,  silk  contains  another  stibnaae^ 
to  which  it  owes  its  yellow  colour,  Thti  Hlfrftniff 
posaesaes  the  properties  ^Armn.  It  is  yellow,  solahli 
in  alcohol|  and  ia  a  mixture  of  alcohol  and  muri&ticsi 


f  Bcrtl»c*llet, 


i  Ibrd. 
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ad*  Baum^  hts  ascfrtained^  that  hy  this  la€t  tntziufe  Chap,lL 
it  may  be  separated  completely,  and  the  silk  deprived  of 
it  assumes  a  fine  white  colour  *•  This  matter  melts  at 
60^.  Its  colour  is  reddish  brown  when  in  lumps,  but 
l^reenish  yellow  when  divided*  It  has  a  strong  smelly 
owing  to  a  volatile  oil  which  it  contains.  When  ex- 
pesed  to  the  light  it  becomes  white.  It  is  insoluble  in 
vater  but  very  soluble  in  alcohol,  in  the  alkaline  solu« 
lions  and  in  soap  f. 
t^w  Roard  has  shown  that  raw  silk  contdins  also  t  por« 
^Hk^n  of  wax,  which  is  dissolved  by  boiling  alcohol,  and 
^Biy  alkaline  or  soapy  solutions.  It  is  white  and  preci* 
fittates  as  the  alcohol  cools.  Silk  contains  about  x^^th 
of  its  weight  of  wax,  while  the  resinous  colouring  mat^ 
ter  amounts  to  about  ^th  of  its  weight  t* 

The  properties  of  silk  itself  have  heen  but  imper*- 
fectly  examined*  It  is  not  acted  on  by  water  or  alco- 
hol, has  no  tastr,  and  is  but  imperfectly  connbustibic  ; 
though  fire  rapidly  blackens  and  decomposes  it.  When 
distilled »  it  yields,  according  to  Neumann^  an  uncom-. 
monly  great  proportion  of  ammonia. 

The  fitted  alkalies  dissolve  it  by  the  assistance  of 
heat }  and  it  is  not  unlikely  that  they  form  with  it  an 
animal  soap. 

It  is  dissolved  likewise  by  sulphuiic  and  mumtic 
mcids,  and  by  nitric  acid*  By  the  action  of  this  last 
mcid,  BerthoHef  obtained  from  silk  some  oxalic  acid, 
and  a  fally  matter  which  swam  on  the  surface  of  the  so- 
lution.     By  a  similar  treatment,  Welter  obtained  fine 


9  ^Iv*  ^i  Clm.  xv'u.  i;^ 
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Bookv.     ycUow crystals^ vecy  combustible,  tp  wb^ch  be  gfive  tl^ 
name  oiytUow  bitUr  principle. 

SUk  i$  very  littk  siitccpuUe  of  puUef^Udu  Dr 
Wilson  of  Fajkirk  informs  ms,  that  a  ribbon  was  lal^ 
l^und  in  the  churchyard  of  that  tuwa  wrapt  round  the 
bone  of  t^e  mm.  It  iva^  noinjuned  ^though  it  had  Ua 
eight  jears  in  the  earth  *•  We  k^ow,  «t  the  laaie 
lime,  that  when  lilk  is  kept  ia.adamp  plaoeitm^ 
(to  use  the  common  language)  ii|  %  much  shorter 
perio^. 

Spiden*  Cadet  has  lately  published  a  chemical  Analysis  of 

spiders'  webs,  the  result  of  which,  a^  these  substances 
have  a  considerable  analogy  to  silk,  bqih  in  their 
properties  and  mode  of  being  produced,  may  be  mtt^ 
tioned  here.  He  obtained  from  spiders'  webs,  by  tieiti 
ing  them  with  water  and  alcohol,  and  incinen^ioo,lbe 
following  substances:  1.  A  brown  extract  soluble i^ 
water,  and  not  altered  by  exposure  to  the  air  ;  2.  A  c^ 
sinous  matter  soluble  in  alcohol,  and  very  deliquescent^ 
3.  Alumina;  4.  Sulphate  of  lime  ;  6.  Carbonate  of 
soda;  6.  Muriate  of  soda;  7.  Carbonate  of  lime;  S. 
Iron  ;  9.  Silicaf.  He  supposes,  however,  that  soqe  of 
thu  fixed  matters  obtained  may  have  originated  froasc- 
cidcntal  impurities  mixed  with  the  webs  examined. 


Having  given  the  preceding  account  of  the  solids 
which  compose  animal  bodies,  I  proceed  next  to  tlie 
fluid  which  circulates  through  living  bodies,  namdy 
blood;  and  to  the  various  j^rrf^/W  formed  from  the 


^  Nicholwifs  Jour.  ii.  223.  f  Ibid*  xi.  294. 


iMf  ehherm  order  to  answer  som^  Important  puit 
pos«  to  the  animaJ^  or  to  be  evacuated  as  useless,  that 
the  biood  thus  purified  maj  be  more  proper  for  aiisweii^ 
log  the  tnds  for  which  it  is  detuned.  Many  of  these 
&ubstauce$  have  beea  examined  with  juore  care  by  cbe« 
oiists  than  the  animal  aoUJs.  • 
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ILQOD  is  a  well-known  fluid  which  circulates  io  the  J^r^jpcrtlca" 
veins  and  arteries  of  the  more  perfect  aoimals.  It  is  of 
a  red  colour,  has  a  considerable  degree  of  consisteucy, 
and  an  unctuotis  feel,  as  if  it  contained  a  q^uaotily  of 
soap.  Its  taste  is  slightly  saltue^'and  it  has  a  peculiar 
smelL 

The  speciiic  gravity  of  human  blood  is,  at  a  naedU 
tiin,  V0521  *•  Mr  Fourcroy  found  the  specific  gravity 
of  bullock's  bloody  at  the  temperature  of  60%  to  be 
1*056  f«  The  blood  does  not  uniformly  retain  the  same 
consistence  in  the  same  animal,  and  its  consistence  io 
diH*erent  animals  is  very  various.  It  Is  easy  to  see  that 
its  specific  gravity  must  be  equally  various. 

No  substance  has  attracted  a  greater  degree  of  atten* 
tion  than  the  blood.  The  number  of  philosophers  who 
have  devoted  their  time  to  develops  its  nature^  and  as-  ^ 


•  HA\kT*i  Fijiioi^y^vu  41. 


f  Jiiit,  d§  Chim*  YiL  147« 


certtin  its  properties,  is  imioeDse*  It  was  oof ^  hef 
tiU  towtrds  the  middle  of  the  eightcenlh  ccnfurj  that 
much  pmgTcss  was  made  io  iu  ctiemtcal  analjsxi** 
The  pmssfcic  add  formed  duriof  its  decomp(»ition  had 
been  observed  ;  Hales  had  mcasored  the  gmacs  exhaled 
during  its  disttUatiofi ;  Menghiot  had  demomtratcid  ilie 
ppeaence  of  iron  in  it  ^  and  several  curioui  obi^enratiocs 
bad  been  made  upon  its  coagulation.  But  RoucUe  jo* 
nior  was  the  first  cbemiu  who  published  a  tolerabtf 
precipe  analjr&is  of  it«  Since  that  time  much  addittoaal 
information  has  been  acquired  bj  the  experhacnts  el 
Buc^ucty  Fourcroy,  DejreaXt  P^nrientier,  &c. 

When  bloody  after  being  drawn  from  an  aciimal»  is 
allowed  to  remain  for  some  time  at  rest,  it  tctj  sqob 
coagulates  into  a  solid  mass  of  the  consistence  of  cutd* 
led  milk*  This  mass  graduall/  separates  into  two 
parts  i  one  of  which  i&  flaid^  and  is  called  xrrsai  i  tilt 
other,  the  coaguluoip  has  been  called  eruor^  bccaosa  b 
alond  retains  the  red  colonr  which  distinguishea  Uoed, 
This  separation  is  very  similar  to  the  separation  of  curd. 
led  milk  into  ctirds  and  whey. 

The  proponion  between  the  cruor  and  scratn  of  tbc 
blood  varies  much  in  difTcrent  animals,  and  even  in  ik 
same  animal  In  different  circum stances*  Tbe  most  com- 
mon proporuon  h  about  one  part  of  cruor  to  three  parti 
•f  serum  ^  but  in  many  cases  the  cruor  exceeds  or  fiSi 
short  of  this  quantity ;  the  limits  of  the  ratios  of  that 
snbstaoccs  to  each  other  appear,  from  a  compaiison  of 
lb^  conclusions  of  moe>t  of  those  who  huve  written  ac> 


^  A  trry  full  account  of  every  thing  that  hid  tieen  dent  hehft  iha 
f:ntc  auf  W  found  is  tt^e  iccoa4  veluitie  of  f tilkf '•  ti'yhUQ^ 


lL60t>. 


^nwttcly  on  the  subject,  to  be  i  ;  1  and  I  :  4 ;  but  the     CK*|i/ll*^ 
first  case  mast  be  very  rare  indeed  *. 

The  cause  of  this  spontaneous  decompoftitioa  of  bloed 
has  not  hitherto  been  ascertained*  The  coagulatioa 
takes  place  equally  in  close  vc&sds  and  in  the  open  air^ 
whether  the  blood  be  allowed  to  cool,  or  be  kept  at  the 
frmperature  at  which  it  is  when  it  issues  from  the  ani- 
mal ;  neither  is  the  coagulation  prevented  by  ditutingk 
with  water,  as  has  been  sufficiently  proved  by  the  expe- 
riments of  Hewson,  Hunter,  Deycujt,  and  Parmentier« 

1.  Tlie  serum  is  of  a  light  greenish  yellow  colour  i  Setmm 
h  has  the  taste^  sixiell,  and  feel  of  the  blood,  but  itt 
coDsistcnce  is  not  so  great.  Its  mean  specific  gravity 
Is  about  !•  0^81+*  It  converts  syrup  of  violets  to  a 
green,  and  therefore  contains  an  alkali.  On  examina- 
tion, RoueUe  found  that  it  owes  this  property  to  a  por- 
tion of  soda  t'  When  heated  to  the  temperature  of 
156^  J,  the  serum  coagulates,  as  Harvey  first  discover- 
It  coagulates  also  when  boiling  water  is  mt:i£ed 
"with  it ;  but  if  serum  be  mised  with  sis  parts  of  col^ 
water,  it  does  not  coagulate  by  heat  ^.  When  thtis  co- 
agulated, it  has  a  greyish  white  colour,  and  is  not  un- 
like the  boiled  white  of  an  egg  ^*.  If  the  cotgulum  be 
cut  into  small  pieces,  a  muddy  fluid  may  be  squeezed 
from  it,  which  has  been  termed  the  sirosttf^  After  the 
separation  of  this  fluid,  if  the  residuum  be  carefully 
washed  in  boiltog  water  and  examined,  it  will  be  found 


t  Dr  PcarioD  cotuidcrs  the  alkali  in  ininuJ  Huidt  u  pocaah,  aai  |U4 
•«d3t  i  CuQcn* 
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to  possess  all  the  properties  of  coagulated  albumen.  The 
serunii  therefore,  contains  a  considerable  proportion  of 
albumen.  Hence  its  coagulation  by  heat,  and  the  other 
phenomena  which  albumen  usually  exhibits. 

If  serum  be  diluted  with  six  times  its  weight  of  wa- 
ter,  and  then  boiled  to  coagulate  the  albumen,  the  !!• 
'quid  which  remains  after  the  separation  of  the  coagu* 
'lum,  if  it  be  gently  evaporated  till  it  becomes  concen- 
trated, and  then  be  aUowed  to  cool,  assumes  the  fcxrm 
df  a  jelly,  as  was  first  observed  by  De  Hatn  *•  Con* 
sequently  it  contains  gelatine  f  • 

If  the  coagulated  serum  be  heated  in  ft  silver  vessd, 
the  surface  of  the  silver  becomes  black,  being  c^n.w. 
'ed  into  a  sulphuret.  Hence  it  is  evident  Uiat  it  coo* 
tains  sulphur  t  ;  and  Proust  has  a»wcrtained  that  it  is 
combined  with  ammonia  in  the  state  of  a  hydrosoL 
phuret. 

If  serum  be  mixed  with  twice  its  weight  of  ^water, 
and,  after  coagulation  by  heat,  the  albumen  be  separa* 
ted  by  filtration,  and  the  liquid  be  slowly  evaporated 
till  it  is  considerably  concentrated,  a  number  of  crystals 
'  are  deposited  when  the  liquid  is  left  standing  in  a  cool 
place.  These  crystals,  first  examined  by  Rouelle,  con- 
sist of  carbonate  of  soda,  muriate  of  soda,  besides  phos- 
phate of  soda  and  phosphate  of  lime.  The  soda  e^ts 
in  the  blood  in  a  caustic  state,  and  seems  to  be  combi- 
ned with  the  gelatine  and  albumen.  Tlie  carbonic  add 
combines  with  it  during  evaporation. 


•  Fourcroy,  Amm,  de  Cbim»  vii.  157. 

f  Dr  Bustock  repeated  this  experiment  without  fucceit ;  heoce  \\  'a 
prohahle  thi4t  blood  contains  no  gelatine. 

\  Deyeui  and  Parmcntier,  Jwr,  de  Plyt^iir.  437. 
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Thus  It  appears  that  the  serum  of  the  blood  contains  C>»ap.n.^ 
albumen,  gelatine,  hydrosulphuret  of  ammonia,  soda, 
muriate  of  soda,  phosphate  of  soda,  and  phosphate  of 
lime.  These  component  parts  account  for  the  coagula* 
tion  occasioned  m  the  serum  by  acids  and  akohol,  and 
the  precipitation  produced  by  tannin,  acetate  of  lead, 
and  other  metallic  sails* 

2.  The  cfuor,  or  clot  as  it  is  sometimes  called,  is  of  a  Cruor  con- 
ted  colcrur,  and  possesses  considerable  consistence.  Its 
naean  specific  uravity  ts  abotit  1*245  *.  If  thJs  crnor 
be  washed  carefully  by  letting  a  small  jet  of  water  fall 
upon  it  till  the  water  runs  off  colourlesSj  it  ispartfy  dis- 
solved, and  partly  regains  upon  tlie  searce.  Thus  itis 
5-parated  Into  two  portions:  namely,  1,  A  white,  solid, 
^Ustic  substance,  which  has  all  the  properties  ofJUn-ini 
2.  The  portion  held  in  solution  by  the  water,  which 
consists  of  the  colouring  matter,  not  however  in  %  atatc 
of  purity,  for  it  is  impossible  to  separate  the  cruor  com- 
pletely from  the  serum. 

We  are  indebted  to  Bucquet  for  the  first  precise  set 
of  experiments  on  this  last  watery  solution,-  It  is  of  W 
red  colour.  Bucquet  proved  that  it  contained  albumen 
and  iron*  Mcnghini  had  ascertained,  that  if  blood  be 
evaporated  to  dryness  by  a  gentle  heat,  a  quantity  of 
iron  may  be  separated  from  it  by  the  magnet*  The 
quantity  which  he  obtained  was  considerable  \  accord* 
ing  to  him,  the  blood  of  a  healthy  man  contains  above 
two  ounces  of  it*  Now,  as  neitltcr  the  serum  nor  the 
fibriu  e3ttracted  from  the  cruor  contains  iron,  if  follows 
of  course,  that  the  water  holding  the  coloumrg  fii^f^^'r 
in  solution  must  contain  the  whofc  of  that  met!»l. 


♦  Jurin,  HiHcr'i  f  A^nWiyjp,  li,  4» 


Tim  watery  solulioii  give*  a  greeo  colour  to  lymf 
of  violets.  VVheQ  exposed  lo  the  air,  it  grsdumlljf  de» 
poMte&  flakes^  whidi  have  Uie  properuea  of  mlbttCBefU 
When  heated,  a  brown* coloured  scum  gathers  on  tti 
SOI  face*  If  it  be  evaporated  to  dryness,  and  then  nuJccA 
with  alcoholi  ft  povtioo  is  dissolved,  aod  the  alooboBc 
solotton  yields  by  evaporation  a  residuomt  which  laibets 
Uke  soap  in  water^  and  tinges  vegetable  blues  greaoi 
the  acids  occasion  a  precipitate  from  its  solutioti*  Tbjs 
substance  is  a  compound  of  albumen  and  soda*  Thns 
we  see  that  the  waterj  solution  contains  albumcciy  irai| 
mnd  soda, 

Fourcroy  and  VauqucHn  have  ascert^ned  that  dbe 
iron  is  combined  with  phosphoric  acid,  and  in  the  iMH 
of  sub- phosphate  of  iron;  thns  confirming  an  opifliP 
which  had  been  maintained  by  Sage,  and  annotmced  ■ 
ft  fad  by  Grcn.     If  the  residoum  obtained  b/  evmp^ 
rating  the  watery  solution  of  the  colouring  matter  af 
blood  to  dryness  be  burnt  in  a  crucible,  there  will  n* 
liE^o  a  deep  red  ferruginous  substance,  mnountiog  t» 
0*045  of  the  blood  employed*     Nitric  acid  digested  oq 
this  residuum  dissolves  a  portion,  which  is  phosphaleof 
iron,  and  is  precipitated  white  by  ammonia^  but  assuotfl 
ft  red  colour  when  treated  with  pure  potftsb*     Whea 
lime*  water  is  poured  into  the  potash  employed,  pboa* 
phate  of  lime  precipitates.     By  this  treatment  they  as* 
certatned  thai  ||tbs  of  the  residuum  consisted  of  sub- 
phosphate  of  iron*     Now  phosphate  of  troo  ia  aoloyi 
in  acids,  but  insolable  in  water ;  when  treated  wA 
pure  alkalies,  it  loses  a  portion  of  its  add^  aasttaiii  s 
red  colour,  and  is  converted  into  sub-phospbate.    Heed 
tt  is  evidently  the  soda  of  the  blood  which  reduces  it 
to  that  statc^  or  at  least  maintains  it  in  that  ittte*    Si^ 


8toai}« 
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retdilj  dissolves  ia  albuokn  ind  {a    ^*1>- 
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;  f .  When  new-drawn  blood  is  stirred  briskly  round 
l^ith  A  stick  or  tbe  hand,  the  whole  of  the  fibrin  col- 
lects together  upon  the  stick,  and  in  this  manner  may 
be  separated  altogether  from  the  rest  of  the  blood.  The 
fed  globules^  in  this  case»  remain  behind  in  the  serum* 
It  is  in  this  manner  that  the  blood  is  prepared  for  the 
Different  purposes  to  which  it  is  put ;  as  clarifying  sti- 
rar»  making  puddings^'  &:c.  After  the  fibrin  is  thns 
leparatedi  the  blood  no  longer  coagulates  when  allowed 
p  remain  at  rest^  but  a  spongy  flaky  matter  separates 
irom  it|  and  swims  on  the  surface  f. 

When  blood  is  dried  by  a  gentle  heat,  water  exhales  Actiei  «f 
rom  iti  retaining  a  very  small  quantity  of  animal  mat«  NowL 
tt  in  solution,  and  consequently  having  the  odour  of 
lood*  Blood  dried  in  this  manner  being  introduced  in* 
E»  a  retort  and  distilled^  there  comes  over,  first  a  clear 
ratery  liquor^  then  carbonic  acid  gas,  and  carbonate  o£ 
immoniai  which  crystallizes  in  the  neck  of  the  retort  i 
fler  these  products  there  comes  over  a  fluid  oil,  car* 
ptteted  hydrogen  gas,  and  an  oily  substance  of  the  coo^ 
tsleitce  of  butter*  The  watery  liquor  possesses  the  pro* 
leny  of  precipitating  from  sulphate  of  iron  a  greca 
owder :  muriatic  acid  dissolves  part  of  this  powder, 
Dd  there  remains  behind  a  little  prussian  blue.  Con- 
pqiiently  this  watery  liquor  contains  both  an  alkali  and 
imssic  acid  %, 

9216  grains  of  dried  blood  being  put  into  a  large 


t  Ibid.  153. 
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erueibic,  and  gradually  hcatcdi  it  fir^  bcoime  m 
fluid*  and  swelled  up  considerably,  cmllted  a  great 
ny  fetid  fames  of  a  yellowith  colour^  mud  at  latt 
fire  and  burned  with  a  white  ilanie»  rvidtotljr  owiii| 
the  pre&enee  of  «»il.    After  th€  Aame  mnd  the  fycoai 
disappearedf  a  light  smake  wai  emitted ,  whicb  «i 
the  eyes  and  the  nose  \  it  had  the  odour  of  pm 
and  reddened  moist  paper  stained  with  ^eg  eta  bio 
At  the  end  6f  six  hoars,  when  the  matter  had  loi 
siicths  of  its  substance,  it  melted  anew^  exbihiied 
p!e  flame  on  its  surface,  and  emtltcd  a  thick 
This  smoke  afEected  the  eyes  and  nostrils^  ^nd 
blue  paper,  but  it  had  not  the  smell  of  pruiii 
When  a  qnantity  of  it  was  collected  and   exami 
was  found  to  possess  the  properties  of  phoaplMfi 
The  testdutim  amounted  to  181  grains  |  it  bad  a 
black  coTouf  and  a  metallic  brtUtincy  ;  and  ita  p 
were  attracted  by  the  nrtagnet.    It  contained  no 
bined  soda»  thoogh  the  blood  itself,  before  oi 
eootaiiVs  it  abundantly ;  but  water  cximtted  bom  I 
muriate  of  soda :  part  of  the  remainder  wai 
by  mttriatic  acid,  and  of  course  was  lime  |  theie 
besides  a  Httle  silica,  which  had  evidently  beeo  Mp 
ted  from  the  cmcible.     TV  ttou  had  been  feducddlt 
ring  the  combu^ion  *• 

Sttclt  are  the  properties  of  blood,  as  far  as  thry  hm 
been  hitherto  ascertained  by  experiment*  Wo  hania 
that  it  contains  the  following  ingredients  : 

1*  Water  3*  Albumen 

2*  Fibrin  4»  Gelatine 
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^rosulph.  of  ^tmmoma     d.  Murittc  of  sodt  Ch»p^/rf. 

P*^  9*  Phosphate  of  soda 

B^phosphatc  of  iron  10,  Phosphate  of  lime 
li  ben^&oic  acid,  which  has  been  detected  by  Proiist# 
But  our  knowledge  of  this  singular  fiaid  is  hy  no 
mb  complete  as  it  ought  to  be  ;  a  more  accurate 
Rf  would  probablj  discover  the  presence  of  other 
mces,  and  enable  os  to  account  for  many  of  the 
rties  of  blood  which  at  present  are  inexplicable,^' 
B^Id  be  of  great  consequence  also  to  comp:lfd 
W  the  blood  of  different  animals,  and  of  the  same 
1  at  different  ages,  and  to  ascertain  in  what  parti* 
key  differ  from  each  other*  This  would  pro- 
row  light  on  some  of  the  obscurest  parts  of  the 
conomy .  Very  little  progress  has  hi  thcrlo  been 
these  researches.  If  wc  except  the  labours  of 
Be*  who  obtained  nearly  the  same  ingredients, 
if!  different  proportions,  from  the  blood  of  a 
icty  of  animals,  the  experiments  of  Fourcroy 
blood  of  the  human  fcetus  are  almost  the  only 
Fthat  kind  with  which  we  are  acquainted* 
ifHl  that  it  differs  from  the  blood  of  the  adult  Blood  of 
things:   1.  Its  colouring  matter  is  darker^  and  ^^^^f^w* 

be  more  abundant ;  2,  It  contains  no  fibrin, 

bably  a  greater  proportion  of  gelatine  than  blood 

9.  It  contains  no  phosphoric  acid^. 

^examination  of  diseased  blood,  toO|  would  be  of 

isequence  ;^ecau8e  the  difference  of  its  proper- 

the  blood  of  people  in  health  might  throw 

light  on  the  nature  of  the  disease. 
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OF  MILK. 

MfLK  is  a  fluid  secreted  by  the  female  of  all  thote 
ftniinals  denominated  mammalia^  and  intended  evidently 
for  the  nourishment  of  her  oflTupring. 

The  milk  of  every  animal  has  certain  peculiarities 
bich  distinguish  it  from  every  other  milk*  But  the 
at  whose  milk  is  most  made  use  of  by  man  as  aa 
e  of  food,  and  with  which,  consequently,  we  are 
>esl  acquainted,  isthe^ow.  Chemists^  therefore,  have 
nade  choice  of  cow*s  milk  for  their  experiments.  I 
khall  at  first  confine  myself  to  the  properties  and  ana- 
jrsts  of  cow^i  milk|  and  afterwards  point  out  in  what 
tpect  the  milk  of  other  animals  differs  from  it,  as  far 
It  least  as  these  differences  have  hitherto  been  ascer- 
ined. 

Milk  is  an  opaque  fluid,  of  a  white  colour,  a  slight   rr«pertta 
eculiar  smell,  and  a  pleasant  sweetish  taste.     When   ^   "* 
Bwly  drawn  from  the  cow^  it  has  a  taste  \tff  different 
om  that  which  it  acquires  after  it  has  been  kept  for 
^me  hours.     It  reddens  vegetable  blues. 

Its  boiling  and  freezing  'points  are  nearly  the  same 
«  those  of  water;  but  they  vary  a  few  degrees  in  dif- 
ferent milks  *•     Milk  is  spcciiically  heavier  than  wa- 
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tcr,  and  lighter  than  blood  ;  but  the  precitc  degree 
not  be  ascertained,  because  almost  every  particiilar 
has  a  specific  gravity  peculiar  to  itself. 

When   milk  is  allowed  to  remain   for  some 
rest,  there  collects  on  its  surfaee  a  thick  unctai 
lowish  coloured  substance,  known  by  the  name  of 

After  the  cream  is  separatcdi  the  tntlk  which 
is  much  thinner  than  before,  and  it  has  ai  blutsh  whili 
colour.  If  it  be  heated  to  tlic  temperature  of  iM^, 
and  a  little  nmiutf  which  is  water  digested  with  Uk  ia* 
ncr  coat  of  a  calTs  stomach  and  procrved  with  sallfk 
poured  into  it,  coagulation  ensues  \  and  if  the  co«j 
be  broken,  the  milk  very  soon  separatet  into  two  siW 
stances  ;  a  solid  white  part,  known  by  the  naxnc  olan^ 
and  a  fluid  part  called  whty.  Thus  we  ace  thit  wlk 
may  be  easily  separated  into  three  ports  ^  namely,  frrmt 
I  ftfrdf  and  wbtfy, 

1.  Ca£AM  is  of  a  yellow  colour,  and  its  cx^niiiDnct 
increases  gradually  by  exposure  to  the  satnospherr^ 
three  or  four  da^s  it  becomes  so  thick  that  the 
which  contains  it  may  be  inverted  without  riikiag  so; 
loss.  In  eight  or  ten  dajs  more,  its  surface  is  rovmi 
over  with  mucors  and  b)'ssi,  and  it  has  no  longer  tk 
flavour  of  cream,  but  of  vtry  fat  cheese  •.  This  isifce 
process  for  making  what  in  this  country  is  called  tcnm 
chiete* 

Cream  possesses  many  of  the  properties  of  an  oti*  h 
is  specifically  lighter  than  water)  it  has  an  nnmm 
feel,  stains  clothes  precisely  in  the  manner  of  oil  ^  tii 
if  it  be  kept  fluidi  it  contracts  at  last  a  taste  wii«i>  a 


•  f  Armenuer  and  Dcycit ,  Jput,  ih  F%yu  sisviii.  j;^ 


MfLIC- 


5«1 


ts  to  Ihe  ranciditj  of  oils  *•     Wh^n  kepi    .  ^»P- 
boiling  for  tome  time^  a  litUcoil  maizes  its  a^^pcarauce, 
and  floaU  upon  lU  surfjace  f «     Cre«ni  i»  neither  soUiblei. 
I  in  alcohol  nor  oils  {.     These  properties  are  sufiicietit 
to  show  us  that  it  contain^  a  quantity  of  oil  i  but  this  oil 

» combined  with  a  part  of  the  curd,  and  milled  wiili 
^e  serum.  Cream,  tbcn^  is  competed  of  a  peculiar 
,  curd,  and  serum.  The  oil  may  be  easily  obtained  Convened 
leparace  by  agitating  the  cream  for  a  cooslderabie  lime.  '°"*  buut/. 
This  process,  known  to  every  body,  is  called  cburttiitg* 
^Bier  a  certain  time,  the  cream  separates  into  two  por- 
pBlls :  one  fluid,  and  resembling  creamed  miik  ^  the 
other  solid,  and  called  butier^ 

I  Rutter  is  of  a  yellow  colour,  possesses  the  properties 
|Df  an  oil,  and  mixes  readily  witli  other  oily  bodies* 
When  heated  to  the  temperature  of  96**  it  melts,  and 
1>ecomes  transparent ;  if  it  be  kept  for  some  time  melt- 
ed, some  curd  and  water  or  whey  separate  from  it^  and 
it  assumes  exactly  the  appearance  of  oil  j.  But  this 
mocess  deprives  it  in  a  grtiat  measure  of  lis  peculiar 
flavour. 

^■^bea  butter  is  kept  for  a  certain  time,  it  bccom&s 
PScid,  owing  in  a  good  measure  lo  the  presence  of 
gbcs€  foreign  ingredients  i  for  if  butter  be  well  washed, 
^BE  great  portion  oi  these  matters  separated,  it  docs 
n^  become  rancid  nearly  so  soon  as  when  it  is  not  treal- 
|ed  in  this  manner.     It  was  formerly  supposed  that  this 

P rancidity  was  owing  to  the  dcvelopement  of  a  peculiar 
I  but  Parmentier  and  Deyeux  have  shown  that  no 

•  ParmeDUa  lod  Dcycui,  Jwr*4i  F^i.  tiziriru  J7S*        f  IJ»*<^  S14* 
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meoa,  it  can  scircelj  be  doubted  that  this  gas  is  car- 
booic  acid.  Dr  Young  affirms,  that  during  the  chum« 
iog  there  is  aa  iocrease  of  temperature  amounting  to 
four  degrees. 

The  aiKnity  of  the  oil  of  cream  for  the  other  ingre- 
dients is  such}  that  it  never  separates  complcrteljr  from 
^^b^m.  Not  only  is  curd  and  whey  always  found  in  the 
I  creami  but  some  of  this  oil  is  constantly  found  in  cream* 
■^■d  mitk  and  even  in  whey :  for  it  has  been  ascertained 
HBy  actual  experiment^  that  butter  may  be  obtained  bf 
churning  whey,  27  Scotch  pints  of  whey  yield  at  an 
average  about  a  pound  of  butter  •.  This  accounts  for 
a  fact  well  known  to  those  who  superintend  dairies,  that 
m  good  deal  more  butter  may  be  obtained  from  ihe  same 
quantity  of  milk,  provided  it  be  churned  as  drawn  from 
the  cow^  than  when  the  cream  alone  is  collected  and 
churned* 

The  butter-milkf  as  Parmenlier  vtud  Deyeux  ascer- 
tained by  experiment,  possesses  precisely  the  properties 
of  milk  deprived  of  cream  f* 

2.  CtJRD,  which  may  be  separated  from  creamed  Pr^pcng^ 
milk  by  rennet,  has  many  of  the  properties  of  coagu.  of  ctij^ 
lated  albumen*  It  is  white  and  solid  ;  and  when  all  the 
ffiotsture  is  squeezed  out,  it  has  a  good  deal  of  brittle* 
ncss*  It  is  insoluble  in  water  ;  but  pure  alkalies  and 
lijne  dissolve  it  readilyt  especially  when  assisted  by 
heat  {  and  when  fixed  alkali  is  used^  a  great  quantity  of 
ammonia  is  emitted  during  the  solution*  The  solution 
of  curd  in  soda  is  of  a  red  colour,  at  least  it  heat  be  cm- 
ployed  ;  owing  probably  to  the  separation  of  charcoal 
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Curd,  t»  U  well  koown,  h  used  in  mikSng  ctitJi  f  Cha^  11>^ 
atid  the  cheese  is  the  better  the  more  it  coatidtis  af  of  chee^ 
cream,  or  of  that  oily  matter  which  constitutes  cream. 
It  is  well  knowa  to  cheesemakers,  that  the  goodaesi 
of  it  depends  in  a  great  measure  oa  the  manner  of  sepa- 
rating the  whey  from  the  curd.  If  the  milk  be  mucb 
heated  I  the  coagulum  broken  in  pieces,  and  the  whey 
forcibly  separated,  as  is  the  practice  in  many  parts  of 
Scotland,  the  cheese  is  scarce  good  for  any  tluug  i  but 
llie  whey  is  delicious,  especially  the  last  squeezed  out 
wJiey,  ^d  butter  may  be  obtained  from  it  in  consider* 
able  quantity;— a  full  proof  that  oearly  the  whole 
creamy  part  of  the  milk  has  been  separated  with  the 
M'liey.  Whereas  if  the  milk  be  not  too  much  heated 
(about  100^  is  sufBcient),  if  the  coagulum  be  allowed 
to  remain  unbroken,  and  the  whey  be  separated  by  very 
tlow  and  gentle  pressure,  the  cheese  is  excellent  ^  but 
ibc  whey  is  almost  transparent,  and  nearly  colourless. 

Good  cheese  melts  at  a  moderate  heat ;  but  bad  cheese^ 
mr hen  heated,  dries,  curlS|  and  exhibits  all  the  phenomena 
0(  burning  horn.  From  this  it  is  evident,  that  good 
ebcese  contains  a  quantity  of  th^  peculiar  oil  which  con- 
ifetttutes  the  distinguishing  characteristic  of  cream;  hence 
its  flavour  and  smell.  Proust  has  found  in  cheese  an 
acid  which  he  calls  the  cojeic  tkcid,  to  which  he  ascribes 
several  of  the  peculiar  properiics  of  cheese  f . 

This  resemblance  of  curd  and  albumen  makes  it  pro- 
bable that  the  coagulation  of  milk  and  of  albumen  dc' 
pcnd  upon  the  same  cause.    Heat,  indeed,  does  not  coa- 
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whey  for  some  time  boiling  v  a  thick  white  scum  ga-     Chip,  n>^ 
thers  on  the  surface,  which  ia  Scotland  is  known  by  the 
Dame  oi float  whey.     When  this  scum,  which  consists 
of  the  curdy  part,  is  carefully  separated,  the  whey,  af- 
ter being  allowed  to  remain  at  rest  for  some  hours,  to 
give  the  remainder  of  the  curd  time  to  precipitate,  is 
decanted  olF  almost  as  colourless  as  water,  and  scarcely 
aoy  of  the  peculiar  taste  of  milk  can  be  distinguished 
in  it.      If  it  be  now  slowly  evaporated,  it  depositee  at  Comami 
last  a  number  of  white-coloured  crystals,  which  are  miii, 
sugar  of  milk^      Toward   the  end  of  the  evaporation, 
some  crystals  of  muriate  of  potash  and  of  muriate  of 
soda  make  their  appearance  *,     According  to  Schcele,  Silt*. 
it  contains  also  a  little  phosphate  of  Iimef,  which  may 
be  precipitated  by  ammonia. 

The  recent  experiments  of  Fourcroy  and  Vauquclin, 
Thenard,  and  BouiUon  La  Grange,  have  added  consider- 
ably to  our  knowledge  of  the  consiiiucnts  of  whey*  It 
always  reddens  vegetable  blues,  containing  a  portion  of 
acetic  acid.  The  lactic  acid  of  Scheele  is  nothing  else 
fbau  this  acid  holding  an  animal  matter  in  solution  |. 
It  cont^ns  likewise  some  phosphate  of  magnesia  aiJd 
phosphate  of  iron,  as  Fourcroy  aud  Vauquelin  have  dis- 
covered J .  Sulphate  of  potash,  likewise,  and  a  peculiar 
extractive  matter,  have  been  separated  from  it. 

Milk  is  one  of  the  few  animal  substances  which  may  ^^J'  ^■* , 

^    f»bkolthe 
be  made  to  undergo  the  vmous  fermentation^  and  to  af-  vmoutfer* 


*  FanncDeicr,  Jwr,  de  Pbyt,  xxiriiL  4 p.  {  S cheek,  il.  6r. 
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gsTe  the  name  of  franchipann.  This  stibstancey  wtien 
the  fire  is  increasedi  yields  at  first  a  transparent  liquid, 
'Which  becomes  gradually  more  colottred  ;  some  verj 
fluid  oil  comes  over,  then  ammonia^  au  acid^  and  at  last 
a  very  thick  black  oil.  Towards  the  end  of  the  pro- 
cess carbureted  hydrogen  gas  is  disengaged  *.  There 
remains  in  the  retort  a  coal,  which  contains  carbonate  of 
potash,  muriate  of  potash,  and  phosphate  of  lime,  and 
sometimes  magnesia,  iron,  and  muriate  of  soda  f. 

Thus  we  see  that  cow^s  milk  is  composed  of  the  fol« 
^lowing  ingredients  : 

7-  Muriate  of  soda 
8,  Muriate  of  potash 
g«  Sutphate  of  potash 

10.  Phosphate  of  lime 

11.  Phosphate  of  magnesia 

12.  Phosphate  of  if  on 


1.  Water 

2.  Oil 

3.  Curd 

4*  Ertraclive 
5.  Sugar  of  milk 
<5.  Acetic  acid 


The  mtlk  of  all  other  animals,  as  far  as  it  has  hither- 
to been  examined,  consists  nearly  of  the  same  ingre- 
dients :  hut  there  is  a  very  great  dificrcnce  in  their  pro- 
portion* 

Woman's  milk  has  a  much  sweeter  taste  than  cowV  ^^*»^"i'« 

nviL 
milk.     When  allowed  to  remain  at  rest  for  a  sufficient 

tiioe,  a  cream  gathers  on  its  surface.      This  cream  is 

more  abundant  than  in  cow's  milk,  and  its  colour  is 

ustially  much  whiter.     After  it  is  separated,  the  milk 

is  exceedingly  thin,  and  has  the  appearance  rather  of 
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1.  It  contains  a  much  smaller  quantity  of  curd.  Chip.  IL^ 
2*  III  oil  is  lo  intimately  combined  with  its  curd  that 

It  docs  not  yield  butter. 

3.  It  contains  rather  more  sugar  of  milk* 

Parmcnticr  and  Dtycax  ascertained  that  the  quantU 
ly  of  curd  in  wonnan*s  milk  increases  in  proportion  to 
the  time  after  delivery  •.  Nearly  the  same  thing  has 
been  observed  with  respect  to  cow*s  milk, 

Ass*s  MILK  has  a  very  strong  resemblance  to  human  AM'flmlllu 
milk  :    It  has  nearly  the  same  colour,  smell,  and  con- 
istence.  When  left  at  rest  for  a  sufKcient  time,  a  cream 
'orms  upon  its  surface»  but  by  no  means  in  such  abun* 
imoce  ts%i  woman's  milk.     This  cream^  by  very  long 
gilation»  yields  a  butter,  which  is  always  soft,  white, 
ifld  tasteless  ;  and,  what  is  singular,  very  readily  mixes 
gain  with  the  butter-milk ;  but  it  may  be  again  sepa- 
rated by  agitation,  while  the  vessel,  which  contains  it, 
is  plunged  in  cold  water.     Creamed  ass's  mtlk  is  thin^ 
ind  has  an  agreeable  sweetish  (aste.^    Alcohol  and  acids 
keparate  from  it  a  liule  curd|  wbich  haikbut  a  small  ds* 
rcc  of  consistence.      The  serum  yields  sugar  of  milk 
&tul  muriate  of  lime  f . 

Ass's  milk  therefore  differs  from  cow's  milk  in  three 
particulars ; 

I*  Its  cream  is  less  abundant  and  more  insipid* 

2.  It  coQtains  less  curd. 
3*  It  contains  more  sugar  of  milk  ;  the  proportion  is 

85  :  SO* 

GoAT*s  MILK,  if  we  except  Its  consistence,  which  is   coat'imilk, 
greater,  does  not  differ  much  from  cow's  milk.     Like 


•  Parmcaticr,  lAur,  Jt  Pl'jft,  Mxviiu  4aa*  j  Ibid.  it$* 
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Cnrkk  V.  that  mUk,  it  tlirows  up  abundance  of  cremto^  (rem  whtoh 
butter  ii  easily  obtained.  The  creamed  milk  coaga* 
lates  just  as  cdw^i  mi)k|  and  j\tU%  a  greater  quantltj 
of  curd.  Its  whey  conlains  augar  of  mtlk^  muriate  of 
lime,  and  muriate  of  soda  •. 

£we*tiniUu  Ewfc's  UlLK  resembles  almost  precisely  tbat  of  Am 
cow.  Its  cream  is  rather  more  tibundant,  and  jieldii 
butter  which  never  acquires  the  consistence  of  butttt 
from  cow's  milk.  Its  curd  has  a  fat  and  viscid  apiiei?* 
ance^  and  is  not  without  difficulty  made  to  aasumelb 
comistence  of  tlie  curd  of  cowS  milk«  It  makes  excc!^ 
lent  cheese  f. 

Mae£*s  milk  is  thinner  than  thai  of  the  odw,  bai 
scarcely  so  thin  as  human  milk.  Its  cream  cannot  ha 
converted  into  butter  by  agitation*  The  creamed  ffliflc 
coagulates  precisely  as  cow^s  milk,  but  the  curd  isool 
so  abundant.  The  serum  contains  sugar  of  milkt  sul- 
phate of  lime,  and  muriate  of  lime  %, 
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CoDtentiof  ^^^   ^K*  *^f    f^^'*   contain    two   distinct  lifttiiii. 
egfit  namely,  the  white  and  the  ^o/i. 


*he  tvhilc  is  a  glary  instpid  llqtiidi  often  used  as  Chap.iT> 
of  varnish»  and  to  clarify  turbid  liquors.  For 
It  accurate  experiments  on  the  composition  of  Tbc white. 
aid  we  are  indebted  to  Dr  fiostock.  It  had  been 
rred  as  almost  pure  albumeoi  but  he  has  shown 
is  of  a  more  compound  nature.  When  heated 
llates  ;  but  a  small  portion  remains  liquid,  which| 
firaporated  to  dryness,  leaves  a  residue  possess- 
properties  of  mucus-  From  the  experiments  of 
ly  it  follows  that  white  of  egg  is  composed  of 

Water S0*0 

^. ,  Albumen  .•..•••••  15*5 

Mucus  .«»,•*,. ,r*«     4*5 


I 


100*0  ' 


some  traces  of  soda,  of  sulphurcted  hydrogen 

i  of  benzoic  acid. 

lie  J  oik  has  a  mild  oily  taste  ;  when  boiled>  it  be-   ^*  Y*** 

loUdy  and  easily  separates  into  small  panicles.  If 
w  heated  for  tome  time  in  a  pan,  it  softens ; 

ken  squeezed  between  the  fingers,  drops  of  oil 

If  put  into  linen  in  this  state  and  pressed,  an 

be  forced  out*      This  oil  ti  ot  a  yellow  colour 

pidj  unless  too  much  heat  has  been  employed  in 

pbg  it.    Its  properties  are  those  ofJixedoU,  or  ra-   CoQt»iiii 

semifluid  fat.    Chandelier  obtained  this  oil  with* 

\  assistance  of  heat  f . 

residue,  after  the  separation  of  the  oil,  possesses  AlbBmen, 

Iperties  of  albumen,  though  it  is  stiU  a  little  co- 


*  KIchobooV  /mt.  xl  146 ;  and  11  v.  141. 
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loarcdby  the  remains  of  the  oil.  Hence^  wheawtd- 
ed  with  water,  a  kind  of  emulsion  is  obtained.  It  b 
owing  to  the  presence  of  albumen  that  the  yolk  hardca* 
when  heated. 

When  this  albumen  is  boiled  in  water,  the  li^id  is 
said  to  separate  a  little  gelatine.      Thus  it  appcan  (htt 
the  jolk  consists  of  four  constituents  : 
i.  Water 
2.  Oil 
9.  Albumen 
4.  Gelatine* 

The  knowledge  of  its  component  parts  enables  av 
without  difficulty,  to  explain  the  changes  prod  need  apsi 
the  yolk  by  the  action  of  different  reagents. 

Mr  Hatchett  found  that  when  yolk  is  boiled  aidi 
potash,  it  forms  a  pale  oli^e-coloured  eonerete  aaW 
soap,  which,  when  dissolved  in  water,  and  saturatsivit 
moriatic  acid,  is  thrown  down  in  the  state  of  fat*  Wki 
bvmt  the  yolk  leaves  a  small  residoum  of  phosphilsof 
lime  and  phosphate  of  soda  *• 

When  agitated  with  water,  the  yolk  forms  a  wVk 
emulsion  like  milk.  The  principal  "use  of  the  yoikii 
to  serve  for  food  to  the  chicken  before  it  buisutiw 
shell. 

9.  The  membranes  in  which  these  two  liquids  sie is* 
closed,  consist  mc>st  probably  of  coagulated  albuxaeSr 


•  Hatchett,  Plii,  Trmj,  iZwh 
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J.  a£  fluid  secreted  in  the  moutb|  which  flows  in  cotv- 
tiderable  quantity  during  a  repast,  is  known  bjr  the 
tismc  of  saliva,  AJl  the  properties  of  this  liquor  which  Histofx. 
had  been  observed  by  philosophers  before  the  middle 
of  the  leih  century  have  been  collected!  by  Haller  *  ; 
But  since  that  time  severs!  siddiiional  facts  have  been 
related  by  Fourcroy,  Du  Tennetar,  and  Brugnaielli  ; 
and  a  very  numerous  set  of  experiments  have  been  pub- 
lished by  Mr  Sicbold  in  1107^  in  his  Treatise  on  the 
Salivary  SjJtcm. 

Saliva  is  a  limpid  fluid  like  water;  but  much  more  proncttieff 
viscid  :  it  has  neither  smell  nor  taste.  Its  specific  gra- 
vity, according  to  Hambergcr,  Is  l*6ie7  +  ;  accerdtng 
to  Siebold,  1*080.  When  agitated^  it  froths  like  all 
Other  adhesive  liquids  ;  indeed  it  is  usually  mixed  with 
air,  and  has  the  appearance  of  froth. 

It  neither  mixes  readily  with  water  m>r  oil  (  ;  but  by 
irituration  i»  a  mortar  it  may  be  so  mixed  with  water 
as  to  pass  through  a  fiher  §.  It  has  a  great  afiiniiy  for 
Oxygen,  absorbs  it  readily  from  the  air,  and  gives  it 


hen  saliva  is  distilled  In  a  rctorf,  it  froths  very 
ch  :   100  parts  yield  80  parts  of  water  nearly  purc^ 
^hen  a  little  carbonate  of  ammonia^  some  oil,  and  an 

I'd,  which  perhaps  is  the  prussic,  1  ^c  residuum  a- 
luotf  to  about  1*56  party  and  is  cofnposea  of  muriaie 
ioda,  phosphate  of  soda,  and  phosphate  of  lime  '. 
The  acids  and  alcohol  inspissate  saliva  ;  the  alkalies 
<!tseDgage  ammonia  ;  oxalic  acid  precipitates  lime  ^  and 
'the  Ditrates  of  lead,  mercury^  and  silver,  precipitate 
phosphoric  and  muriatic  acids. 

From  these  facts,  it  follows  that  saliva,  besides  water, 
l^hieb  constitutes  at  least  four-fifths  of  its  bulk,  con* 
laios  the  following  ingredients : 

II*  Mucilage  4.  Phosphate  of  soda 

\      2,  Albumen  5.  Phosphr.te  of  lime 

I  3.  Mujriate  of  soda  0,  Phosphate  of  ammonia. 
t  it  cannot  be  doubled  that,  like  all  the  other  animal 
fluids,  it  is  liable  to  many  changes  from  disease,  &c. 
Brugnatelli  found  the  saliva  of  a  patient  labouring  un- 
«n  obstinate  vcDereal  disease  impregnated  with  ox- 
acid f. 
ic  concretions  which  sometimes  form  in  the  sali- 
ducts,  &c.  and  the  tartar  or  bony  crust  which  so 
Q  attaches  itself  to  the  teeth,  are  composed  of  phos* 
phate  of  lime  I , 

Such  are  the  properties  of  human  saliva.  The  sali* 
ira  of  the  horse  was  analysed  by  Hapei  Dclachenier  in 

E.     He  collected  12  ounces  of  it  in  the  spa^c  of  2h 
by  puncturing  the  salivary  duct.     Its  colour  was 
trof,  ix.  365, 
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quantities  of  it  sre  usually  found  collected  in  the  gall 
bladder. 

Great  attention  has  been  paid  to  this  liquid  bj  phy- 
sicians ;  because  the  ancients  were  accustomed  to  as- 
cribe a  very  great  number  of  diseases^  and  even  affec* 
lions  of  the  mind^  to  its  agency*  Several  important 
observations  were  made  on  it  by  Boyle^  Boerhaave, 
Vcrhcjen,  Ramsay,  and  Uaglivi ;  and  some  facts  have 

ince  been  added  to  our  chemical  knowledge  of  bile  by 
laclurg  and  Fourcroy.  But  ihe  most  accurate  chemu 
eal  analyses  were  those  of  Cadet^  published  in  the  Me- 
moirs of  the  French  Academy  for  1767,  and  of  Van 
Bochante,  published  in  ms,  till  Thenard  read  his 
very  ingenious  cxpeiiments  on  it  to  the  National  Insti- 
tute in  1805  •-  To  him  we  arc  indebted  not  only  for 
llie  first  accurate  analysis  of  qx  bile,  which,  being  most 
easily  procured  in  quantities,  has  usually  been  chosen 
as  the  subject  of  chemical  researches  ;  but  likewise  for 
an  examination  of  human  bile,  and  that  of  several  of 
the  inferior  anim^ls^  and  for  a  comparison  of  these  li« 

luids  with  ox  bile, 
I  shall  in  the  first  place  state  the  nature  and  proper- 

ies  of  ox  bile,  and  then  give  an  account  of  the  bile  of 
^thcr  animals  as  far  as  it  has  been  examined. 

1»  Ox  bile  is  a  liquid  of  a  yellowish  green  and  some- 
times  of  a  deep  green  colour.  Its  taste  is  very  bitter, 
but  at  the  same  time  sweetish.  Its  smell  is  feeble,  but 
peculiar  and  disagreeable.  It  does  not  act  on  vegetable 
blues-  Its  consistence  varies  very  much.  Sometimes 
aucilage  ^  sometimes  very  viscid  and  gluti* 


Propcriiei 
of  OS  bile. 


•  Af^,  <i*Ar£tnU^  I  aj.  and  ^6, 
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Dous ;  sometimes  it  is  perfectly  transparent^  mud  some* 
times  it  contains  a  yellow  coloured  noatter  whieli  preo* 
pitatei  when  the  bile  is  diluted  with  water. 

The  tpecific  gravity  of  ox  bile  seems  la  varj,  liks 
that  of  all  other  animal  fluids.  According  to  Hift- 
tnatiDy  it  it  1*027  *|  tocording  to  Thcnardp  1*026  at 
the  temperature  of  43^.  When  strotjgly  agiUted,  it 
lathers  like  soap ;  and  for  this  reason^  as  well  as  froB 
a  medical  theory  concerning  its  nic,  it  has  been  dtca 
called  an  animal  Jt^ap, 

It  mixes  readily  with  water  ia  any  proportion,  sod 
assumes  a  yellow  colour  ^  but  it  refuses  to  unite  witk 
oil  t  when  the  two  fluids  are  agitated  together,  the  ia* 
stant  that  they  are  left  at  rest  the  oil  separates  and  swioDS 
on  the  surface!.  Bile,  however,  dissolves  a  portico  of 
soap  readily^  and  is  ofteu  employed  to  free  cloth  from 
greasy  spots. 

When  dislilled  to  dryness  it  becomes  at  first  slightly 
muddy ;  then  it  froths  violently,  and  a  colourless  liquid 
passes  into  the  receiver,  having  a  smell  similar  to  thst 
of  bile,  and  slightly  precipitating  superacetate  of  lead* 
The  residue  in  the  retort,  when  well  dried»  amounts  to 
from  flh  to  |th  of  the  whole.  It  has  a  greenish  jret 
low  colour,  a  very  bitter  taste,  slightly  deliquesces  tn 
the  air^  and  is  almost  totally  soluble  to  water  and  alco« 
hoi.  When  strongly  heated  it  is  decompoied,  and  gini 
the  usual  products  of  animal  substancea;  only  the 
proportion  of  oil  is  greater,  and  that  of  carbonate  of 
ammonia  smaller,  than  what  is  furnished   by  most  aai- 


•  lUUer'i  Ffyi.  tiV  J46. 
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bodies*     A  voluminous  cbarcoat   rernatus  behind     ^*'P'  ^* 
dniaiQiDg  soda  and  several  saline  bodks  ;  namely^  com* 
Hon  salt,  phosphate  of  aodar  sulphate  of  soda,  phos. 
phate  of  lime,  and  some  traces  of  oxide  of  iron.     The 

la  docs  not  exceed  ^^^ih  part  of  the  bile* 

Wheo  ao  acid  is  added  to  bile,  even  in  a  minute 
luantity,  it  acquires  the  property  of  reddening  vegetable 
lae$«  The  addition  of  a  little  more  acid  occasions  a 
ipitate,  and  sulphuric  acid  occasions  a  greater  pre- 
cipitate than  any  other  acid.  This  precipitate  consists 
of  a  yellow  coloured  matter  often  Tisibie  in  bilc^  and 
which  is  insoluble  in  water.  It  contains  aUu  a  little 
resin  which  gives  it  a  bitter  taste.  Acids  do  not  throw 
down  the  whole  resin  from  bile«  Yet  if  the  resin  be 
dissolved  in  soda^  it  is  readily  precipitated  by  all  the 
acids  i  a  proof  that  the  restn  is  not  kept  in  solution  io 
bile  by  soda. 

When  superacetate  of  lead  is  poured  into  bile  a  co- 
pious white  precipitate  falls,  consisting  of  the  resin 
combined  with  the  oxide  of  lead.  The  superacetate  of 
commerce  does  not  readily  throw  down  the  whole  re- 
Mn  I  but  if  eight  parts  of  common  sugar  of  lead  and 
one  part  of  litharge  be  united  together  by  digestion 
in  water,  a  salt  is  formed  which  readily  throws  down 
the  whole  of  the  resin.  If  the  prectpilatc  be  treated 
with  diluted  nitric  acid  the  lead  is  sep$irated«  and  the 
f  esin  remains  behind  in  a  state  of  purity.  It  is  a  green 
coloured,  bitter  tasted  substance,  possessing  most  of  the 
properties  of  resins*  It  has  been  already  described  m 
the  preceding  Chapter,  One  hundred  parts  of  bile  con- 
tain about  three  parts  of  resin. 

If  acetate  of  lead  be  poured  into  bile  thus  deprived   ricroacL 
of  its  resin  by  the  superacetate^  a  new  and  more  copiou 
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^Book  V.  precipitate  falls,  consisting  of  the  oxide  of  lead  mutci 
^^"^^^""^  to  a  peculiar  substance,  which  gives  bile  mos(  of  in 
characters.  This  substance  was  first  described  in  de. 
tail  by  Thenard,  who  has  given  it  the  name  officrome!. 
The  compound  consisting  of  oxide  of  lead  and  picronvel 
is  soluble  in  acetic  acid.  If  a  current  of  sulpbareted 
hydrogen  gas  be  passed  through  the  solution,  the  lead 
is  separated ;  and  by  filtering  and  evaporating  the  li. 
quid  to  dryness,  the  picromel  ib  obtained  in  a  sepantt 
State.  When  bile,  mixed  with  muriatic  acid  and  IB. 
.  tered,  is  set  aside  for  some  months  in  an  open  vesselil 
have  seen  the  picroroel  separate  of  its  own  accord.  It 
is  a  white  solid  substance  in  small  globules.  It  hai  i 
iweet,  and  at  the  same  time  an  acrid  taste,  and  is  ofiei 
somewhat  bitter  from  retaining  a  portion  of  the  coil. 
It  facilitates  the  solution  of  resin  in  water;  three  pidi 
of  picromtl  and  one  part  of  resin  dissolve  in  water*  Ik 
addition  of  soda  facilitates  the  solution  of  the  mik 
Ox  bile  consists  essenually  of  picrome],  resin,  aodsodi^ 
united  together,  and  dissolved  in  water.  The  picroad 
prevents  the  precipitation  of  the  resin  by  acids,  aad  it 
prevents  the  soda  from  leaving  the  resin  and  unitiii 
with  acids. 
Cnottitv  By  evaporating  a  quantity  of  bile  to  dryness,  cald- 

ning  it,  and  proceeding  in  the  usual  way,  Theaardtf* 
certained  the  proportion  of  salts  which  it  contaiacL 
The  following  was  the  result  of  his  analysis  of  800  pa 
of  bile* 
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lOO'O  water 

Ctiif.lL 

fi4'D  resin 

60-3  picromel 

4*5  ycUow  matter 

4*0  soda 

2*0  phoiphatc  of  soda 

S*2  mariatc  of  sods 

m^^^ 

O'S  sulphate  of  soda 

nrsfT 

1*2  phosphate  of  lime 

oxide  of  iron,  a  trace 

800*0 

llie  albumen^  announced  as  t  constituent  of  or  bile  hy 
Cadet*  and  Ramsay tf  was  not  found  hy  Thenard* 
There  is  no  doubt,  however,  that  various  species  of  bile 
contains  albumen^  I  have  found  it  myself  in  human 
bile,  and  there  is  every  reason  to  believe  that  it  at  leait 
oocttsionally  exists  in  ox  bile. 

Ox  bile  owes  its  colour,  taste,  and  smell,  in  a  great 
measure  to  its  resinous  constituent.  This  resin  is  a  so** 
lid  substance  of  a  bitter  taste  and  a  green  colour.  When 
melted  it  becomes  yellow^  It  is  very  soluble  in  alco- 
bol  and  in  alkalies.  Water  dissolves  some  traces  of  it 
«l  a  boiling  lieat.  When  s^ilphuric  add  is  poured  into 
this  water  the  resin  is  precipitated,  but  none  of  the 
other  acids  have  that  efiect< 

The  picromel  is  a  white  solid  substance  very  soluble 

'  in  water  and  alcoholi  and  precipitated  by  nitrate  of  m«> 

etiry,  the  salts  of  iron,  and  the  acetate  of  lead.     With 

soda  and  lesin  it  forms  a  triple  compound  not  decoiB« 

posed  by  adds,  nor  alkaline  and  eaithy  salts. 


Mm,  Par,  176;,  p.  340. 
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The  jrellow  matter  is  the  tubsUnce  to  which  bill 
owes  its  tendency  to  putrefsction.  It  is  insoltiUeii 
water,  but  is  dissolved  by  the  &3Dcd  alkalific  lolutionii 
and  is  |)rccipit»ted  by  acidt* 

2.  Such  are  the  pro[>erties  tnd  the  confiituents  ofat 
bile,  at  far  as  they  have  been  examinecl  by  Theotri. 
From  the  experimeuls  of  the  same  chemist  it  appevs, 
that  the  bileof  ihecalf»  the  dogp  the  sheep,  and  thtcH, 
resemble  that  of  the  oac  exaet]yi  botb  in  their  p^ptitia) 
and  their  constituents** 

or  the  tow.  S*  The  bile  of  the  sow  diifcrs  entirely  from  tb^d 
all  these  animals.  It  contains  neither  mlbomesi^^l 
animal  matter,  nor  picromel,  but  is  n»ere1y  ai  iosp,Ml( 
contains  a  great  quantity  of  resin  and  of  aodi,  and  H 
decomposed  with  fscility  by  all  the  acids,  even  by  f{* 
negar*  It  contains  traces  also  of  several  talts  ;  but  TW« 
nard  did  not  ascertain  their  nature  f . 

4.  The  bile  of  the  common  hen,  of  the  tnrkey,  oi 
the  ducki  has  a  good  deal  of  resenr^blance  to  that  of 
qaadrnpeds.  But  it  difiTers  in  the  following  pardco^ 
lars:  1.  It  contains  a  considerable  quantity  of  albooiesy 
2.  The  picromel  has  no  sensible  sweet  tasie^  but  i*  %*ify 
acrid  and  bitter;  3.  It  contains  very  little  soda;  li 
The  resin  is  not  precipitated  by  common  snpexace 
of  lead  ;  but  saperacetatCi  boiled  with  Ixh  of  lis  wtifll 
of  litharge,  occasions  it  to  precipitate  t* 

Of  fUhet.  5*  The  bile  of  the  thomback  atid  salmon  h  ytlhmiA 

white.  When  evaporated  it  leaves  a  matter  whie^  htf 
a  very  sweet  and  ilighily  acrid  taste*  It  appears  I0 
contain  no  resin.     The  bile  of  the  carp  and  tlie  eel  It 
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ry  green,  ver^  bitter,  contains  little  or  no  albumen.     Chip* XL 
but  jields  soda^  resin^  and  a  sweet  acrid  matter  similar 
to  that  which  maj  be  obtained  from  salmon  bile  *. 

6-  Human  bile  differs  considerably  from  that  of  all 
other  animals  examined.    Its  colour  is  sometimes  green, 
sometimes  jeUowish  brown  $  sometimes  it  is  nearly  co- 
lourless.     Its  taste  is  not  very  bitter.      It  is  seldom 
completely  liquid,  but  usually  contains  some  yellow 
xnattcr  suspended  in  it.     When  evaporated  to  drjucss 
it  leaves  a  brown  matter  amounting  to  about  -iVtb  of 
the  original  weight*     When  this  matter  is  calcined  it 
jields  all   the  salts  which  are   to  be  found  la  ox  bile. 
AU  the  acids  decompose  human  bile,  and  throw  down 
•  copious  precipitate  consisting  of  albumen  and  resin. 
One  part  of  nitric  acid  is  capable  of  saturating  100  parts 
of  bile.     The  superacetate  of  lead  throws  down  the  re* 
silt,  and  leaves  nothing  but  a  jeUowish  liquid  consist* 
ing  of  the  salts  of  bile,  and  some  atoms  of  a  peculiar 
animal  matter,  the   nature   of  which  was   not  ascer* 
latned.     Thus  it  appears  that  human  bile  contains  no 
picromeL    The  following  were  the  proportions  of  these 
substances  obtained  by  Thenard  from  IIOO  parts  of 
^koman  bile: 
1000*0  water 

from  2  to  10  yellow  insoluble  matter 
yellow  matter  in  solution^  a  trace 
42*0  albumen 
41*0  resin 
5*0  soda 

4*5  phosphate  of  soda,  salphate  of  soda,  muriate 
of  soda,  phosphate  of  lime,  oxide  of  iron 
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Bnok  V.  ^  The  yellow  matter  is  insoluble  in  water,  aloobot,  aei 
oils,  but  soluble  in  alkalies,  and  precipitated  in  greco* 
ish  brown  flocks  hj  acids.  Muriatic  acid  scarceljdi^ 
solves  it,  but  gives  it  a  brownish  green  coloar,  and  then 
it  is  exactly  similar  to  the  yellow  matter  of  ox  bile. 

The  resin  is  yellowish,  very  fusible  and  very  bitter. 
It  dissolves  readily  in  alcohol,  and  is  precipitated  fc^ 
the  acids.  It  is  nearly  insoluble  in  water,  ibongb  Ml 
altogether  so  *• 

Such  are  the  properties  and  constituents  of  alltbedK 
ferent  species  of  bile  hitherto  subjected  to  chemical  eSi 
amination. 


SECT.    XV. 


OF  THE  CkRUMEN  OF  THE  EAR. 


(cerumen  is  a  viscid  yellow-coloured  liquid  secreUd 
by  the  ^luiuls  of  the  auditory  canal,  which  gradaiOj 
becotnes  concrete  by  exposure  to  the  air.  For  all  tbe 
facts  respectinj^  its  composition  at  present  knovo,  we 
arc  indebted  to  Fourcroy  and  Vauquelin,  especially  tbe 
last,  w!io  analysed  a  considerable  portion  of  it. 
Vropcrticv  ^'  ^*'*'*  *"  orangey cllow  colour  and  a  bitter  tasie. 
When  slightly  heated  upon  paper,  it  melts,  and  staiis 


•  Thcnard,  Mem.d'Afrwi/,  i  S3^ 
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er  like  an  oil ;  at  the  same  time  it  emits  a  slight*  C^^^^V-  ^' 
If  aromatic  odour.  On  burning  coals  it  softens,  emits 
*»  white  smokcy  which  resembles  chat  given  out  by  bum- 
Sng  Cat ;  it  afterwards  meltSp  swells*  becomes  dark^^-co- 
loared,  and  emits  an  ammoniacal  and  empjreumatic 
pdour.  A  light  coal  remains  behind* 
>  When  agitated  in  water,  cerumen  forms  a  kind  of 
^klsion^  which  soon  putrefies^  depositing  at  the  same 
pKe  white  Hakes^ 

,     Alcohol^  when  assisted  by  heat,  dissolves  I  of  the  ce-   Coj«aii» 
'  .  uaumca 

rumen  ;  the  ^  which  remam  behind  have  the  proper- 
ties of  albumen,  mixed  however  with  a  little  oily  mat- 
ter. When  the  alcohol  is  evaporated,  il  leaves  a  deep 
^sge  residuum  of  a  very  bitter  taste,  having  a  smell 
HL It  consistence  analogous  to  turpentine*  It  melts 
Mren  heated,  evaporates  in  a  white  smoke  without  lea- 
Iriag  any  residuum,  and  in  short  resembles  very  strong- 
hr  the  resin  ofUlu  Ether  also  dissolves  this  oily  body  >  ^^  '^*^' 
ptil  it  is  much  less  bitter  and  much  lighter  coloured* 
wben  the  albuminous  part  of  cerumen  is  bumt^  it 
paves  (races  of  soda  and  of  phosphate  of  lime.  From 
fe^se  facts  Vauquetin  considers  cerumen  as  compostd 
^f  the  following  substances : 
1^^.  Albumen  4*  Soda 

^w.  An  inspissated  oil  5.  Phosphate  of  limie# 

r    ^3*  A  colouring  matter 

Oie  presence  of  the  colouring  matter  is  inferred  from 
Ihe  portion  taken  up  by  ether  being  less  coloured  than 
taken  tip  by  alcohol  ^* 
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SECT.  XVI, 

1.  X  WAT  pceuliar  fkiid  which  iff  ettiplojed  in  Fctoi* 
ting  the  eye,  and  whidi  h  emtrled  in  tMsIdeniMe  ^p^ 
thfcf  when  wc  eafipreti  gtJef  by  weepfng,  li  I 
the  name  of  iearjt.  For  an  tccurtte  anftljpsif  c. 
we  mrc  indebted  to  Messrs  Foirrcwy  aod  '^ 
ttefore  fbeit  dbsertwion,  which  wts  f; 
appeared,  scAfcelj  mjr  thhig  was  known  aboui  torw- 
tuf  e  of  tenri. 
Vrt^i^  The  ti^id  called  teari  ii  ti^nspircnt  and 
Kke  water  ;  It  ha»  scarce! j  mny  tft^cll,  !  ' 
ways  pcrccptiblj  salr.  hi  specific ^^*  .ij  *^  «^.* 
greater  than  that  of  distitled  water.  It  givt%  ta  ^ 
stained  with  the  juice  of  the  petals  of  mftlYows 
let  a  permanently  green  colaor,  and  t'^  '  ^  coodb 
a  fixed  alkali  •.  It  unites  wflh  wnter,  ....i.ci  cM r 
hot»  in  all  proportions.  Alkalies  onlte  witb  it  mfflk. 
and  render  it  more  fluid.  The  mineral  scsdi  ffoha 
no  apparent  change  upon  itf*  Exposed  to  AiV, 
this  rK]ttid  gr&duatly  e^porates^  and  becomes 
When  neatly  reduced  to  ft  ttai^  ^f  drynesl,  a  n 
of  cubic  crystals  form  in  the  ttAAft  of  a  k{ad  of 
lage.     These  crTstaJs  posseis  ibm  pfopertics  of 


^  fo^ct^f  lid  Vatt^ttelio,  /fwr.  if  tkjh  axtls.  aj(* 
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tj  but  \hcj  uoge  r egeuUe  bltiesgr^eai  a^d  cbel^«  ^  Cluf .  B. 
ftfttn  an  excess  of  soda.  The  oiociiagmous  matt 
5%tiir^9  a  jdJowUb  colour  z%  a  dri^t  *. 
kit  liqitid  boiU  like  w«rer,  esteptiog  tljgt  a  C4>a«^ 
l^f  froth  coUecU  on  iu  l^rfjicc*  If  it  bo  kepi  a 
kt  time  at  tlie  boiling  Um|iM^r^tarc^  ^  piifi«  of 
^ratt  10  WEter»  aod  there  remaiji  about  *04  parU 
l^cllowish  matter^  \vhich  by  distillation  in  a  ttroog 
yields  water  and  a  Iktle  oil;  |he  rwdumn  coasi^U 
rereoi  saline  matters  +. 

alcohol  is  poured  into  tbia  liguid^  a  muoUagu 
utter  is  precipitated  iti  the  form  of  Urge  white 
^  Tbe  alcohol  leaves  behind  it,  when  evaporated^ 
Tof  muriate  of  soda  and  soda«  The  retidtuim  which 
bs  behiod|  when  iuspii&ated  tears  are  burnt  in  tJie 
■ir^  exhibits  some  tracea  of  phosphate  of  lime  aod 
^ate  of  soda  ^ 

fi  it  appears  that  tears  are  composed  of  the  fbU 
Ingredients  ^ 
.  Water  4.  Soda 

,  Mucua  d.  Phosphate  of  lime 

^Muriate  of  soda      G*  Phosphate  of  soda* 
K^saUne  parts  amount  onlj  to  about  0*0i  ol  the 
ftpr  probably  not  so  much* 

Wpmau  contained  in  the  tears  has  Ibe  property  of  Pwp««k» 
ojcygeo  gradually  from  tlie  atmosphere,  and  okse. 
ung  thick  and  visodt  and  of  a  yellow  coloui • 
insolublo  in  water^  and  seaudos  lopg  sua* 
in  it  without  altcraiioo.      Whea  a  sufficient 
dty  of  oxymuriatic  acid  is  poured  into  teais^  a  yel- 
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Mr  fl^kjp  prectpiuie  sppeafTti  ftbiolotel/  iimtltr  to  Asl 
iMpimted  fntieiltg^*  The  otymttriatic  «cid  loftt ]i 
peculiar  odouf  i  tieoce  it  if  erideot^hst  it  has  gtvf9e« 
oxygen  to  ihc  itiixdTtgc*  Thr  property  which  ' 
cllife  has  of  absorbing  ox^gtti*  mid  of  mcqni  ^ 
qnftlrflesr  expfabs  Ihe  changes  «^Mch  tmke  pilot  m 
llikrt  which  are  expo*  ^  ^  Tie  ta  thr 

ffie  atmofphere,  at  is  i.c  .,«>c  i.j  iiiM^e  pertcn*  ^^uo.*. 
hour  under  m  fistula  lachrymalff  •- 

2.  The  MUCUS  of  the  no»e  has  also  been  €xn 
Foarcroy  and  Vatiquelif*.  They  found  ft  compose ;i 
prechely  the  same  ingredient!  with  she  fcari,  Aidii 
fluid  if  more  exposed  to  the  action  bf  ilie  air  thso  Ai 
tean,  in  ttinst  case<  its  mucilage  has  undergooelMtcr 
more  of  that  chanj^c  which  is  the  cotisirqDeiice  oiti 
absorption  of  oxygen.  Hence  the  reason  of  the  {fa. 
or  viscidity  and  conj^istence  of  the  ivmetta'Of  theai 
hecice  also  the  great  conntstenoe  which  it  act- 
ring  coJds,  where  the  action  of  the  atmoapbcrc  .,  „^  - 
ed  by  the  increased  action  of  the  parts  f  • 
ofcatltlea  3.  As  to  the  MUCUS  which  lubrioitci  the  alimoiiiiy 
canaV^  the  trachea,  the  bronchise^  the  tiretbra,  ttiil 
the  different  cavitirs  of  the  body,  nobody  has  hsthm 
subjected  it  to  aiialyMs^  because  it  cmnoot  be  obttinidii 
stiilicient  quantity.  It  is  vrscid,  and  no  doubt  canaia 
a  tnucflagtnotxs  substaocef  ssmtlar  to  that  coottlMf 
the  sali^a^  the  tears,  and  the  macos  of  the  ooir,  ^ 
like  these  Hqnida,  h  is  Uibk  to  become  nsatb  iIm 
ihkk  by  exposure  to  the  aif. 


a  Ftmtfoy  ud  Wuijutlliv,  /wrr*  4t  /%«r  aasls.  9^ff 
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it  matter  expectorated  fr4>ro  the  lungs  and  braochiie  ^  f^*»«^  ^ 
^Ipppsed  to  he  mucilaginous  ;  but  from  the 
00  it  by  DrPearsoPi  i^ha  haf  e3&a(i)ir>ed 
;h  much  jcare  and  ingeauitjr  *i  tbit  does  oat  appear 
e  case*  Dr  Pearson  dislmgaishes  sevea  diScTm 
i%  oi  expectorated  matler,  l«  The  jeUy-4ike  Eiocct* 
tfpareot  kind  of  a  bluish  bue|Cxcr«te4  in  a  Uaie 
1 1  S*  The  thin  Qiuciidge^hM  iraospareirt  mailer 
od  J  expectorated  in  bronchial  catanrhs^  3.  The 
pa<|ue  strHW- coloured,  or  while  and  very  tenaci* 
nut,  coughed  up  in  a  great  variety  of  bronchial 
monary  aSeciiofiS)  especially  in  that  of  tubercles; 
iform  matter^  secreted  without  any  division  of 
ity  or  breach  of  surface  of  the  broocbial  fuem<> 
v€Tf  commoDiy  occurrtog  in  pulqioaary  coa« 
IS ;  5-  The  matter  which  consists  of  opa<]uc 
asses,  together  wiiJb  transparent  fluid  ;  or  the 
^sort  above  stated  with  nodules  of  the  third  and 
^nd^  6^  Pus  from  the  romicfc  o(  tub^^rcle^s 
ffooi  vomica  by  simple  inflammation  o^  \bn 
PmI  without  tubercles.  :  .; 

kib^  experimeuts  of  Dr  Feftrson»  it  appears  cotnpofU 
constituents  of  the  first  five  of  these  speoios  are  ^'^' 
Ihe  same.  The  chief  variation  is  in  the  propor. 
the  ingredients*  They  all  consist  of  water  hold- 
olution  a  quaotity  of  albumt n  or  ammal  oxide 
Pearson  terms  it)»  coagnlabk  fay  heal  and  by  the 
emical  agents.  This  albumen  is  combined  with 
f  which  it  neutralizes*    This  albumen  sometimes 


ion  cm  Sm^teUnrf^i mMter.     PhU*  Trsm.  t%^ 

Yon  thmki  that  the  alluH  in  aoinial  fiui4i  tl  not  leds,  if  kn 


SM^*;  am>iHii^<iHic  twelfth  or  evm  tHe  Mith  of  the  exptu 
torited  maftff ;  and  whtn  smtlktt  it  m  otver  ktitfai 
^th.  The  mual  proportion  varies  frMii  ^^  to  ^yl. 
The  potath  iraries  beiweert  f  ood  jihs  of  •  port  b  10C4 
of  the  expect  Of  otedmiittff*  • 

Espeetorftfod  matter ;fidds  tfmce%  f»f  mlphtrry  usd  per* 
fei|hf  tfi6  of  pho^phoros  ond  tt  eontoini  the  foUowio; 
iiliifytilbgt«oeef ;  I »  Mtirmte  of  ioda«  ^orying  fto«  H 
to  2t  inthe  lOOOoferptciorated  matter;  s.  Phwpltit 
of  liiiM  about  f  a  p<trftO  the  lOOO  ;  9*  Aosiootiia  fA 
ted  probtbl)^  to  phosphoric  actd  i  4.  A  |ihoa(ihate  pa» 
liaUj  of  tttag^nciitt  ^  5.  Carbonate  of  Itmo  t  5.  A  sA. 
phati  }  t*  Vitrifi»bic  matter  ptobabi/  atKcmi  o.  Onk 
of  iron.  The  whole  of  these  last  %\x  substftnces  wtm 
}j  kmotiots  to  one  part  in  the  lOQO  of  exptctiiifei 
nmtter.   ' 

The  pti»port}on  €»f  sah'ne  matter  and  of  albiifQ«i  em 
aent  in  expectorated  matter  rariea  much  in  diflTereteiy. 
eumstances.  The  thicker  it  if  in  general  the  laidhrii 
the  qtiantttf  of  saline  matter ;  mhttewB  "m^mi  rtff  ilm 
it  IS  often  itnpregnatcd  with  ialci»  e^peciilly  frith  m* 
riate  of  soda  to  o  grtat  degree^  rnnd  lAilot  fliiltQ<t)jMk 
and  hot^ 


WKf^^dkd,  Im  ififimh.    H«  hai  fbsaid  thli  i »  u  tif  oaa 
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|.,.,  SECT.  XVII. 

1^     ^iq^UOt  OW  THE  PERICARDIUM, 

"ir«  liquor  which  lubricates  ihc  heart.     It  hu 

(lately  ejcamined  by  Dr  Botiockp* having  been  ob^ 
I  from  the  pencaidium  of  a  boy  who  had  died  sodir 

the  colour  and  appearance  of  the  scrum  of 
ElvaporafeJ  to  dryness^  it  left  a  residue  a- 
iotihg  10  TV^h  of  its  weight*     When  exposed  to  the 
boiling  water,  it  became  opa<jue  and  ihrorff .  • 
I  copiously  precipitated  by  ozymuriate  of  nitrai^^ 
boilings  bat  when  boiled,  crtporated  to  dry-p 
redis&olvedf  the  solution  was  not  lAcetcd  hj 
^iatc  of  mercury.     These  experiments  show  us 
;  Contained  albsmen.     When  saturated  with  o3cy* 
s  of  itocfrcury,  infusion  of  gtfis  produced  no  effect^ 
iog  the  absence  of  gelatine*       It  was  copiotnl]p 
Ilaied  by  neutral  acetate  of  lead^  even  after  being 
to  dryness  and  the  residue  rrdissolved  in  water, 
I  of  silver  indicated  the  presence  of  tmiriatic  acid. 
ttock|  itom  bis  experimeutt|  eoosiders  it  as  «aai»i 
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Sinictarc 


OF  THE  KTJIIOtmt  6r  THE   I 

JLni  eje  it  one  of  the  most  delicate  aod  compii 
orgmiu  m  ibe  bodj  >  at  the  same  time  ila  itrucl 
the  Uiea  ol  its  parts,  are  better  uudrrstood  than 
us^  c^tfae  other  inatfumcoti  of  sensatK 
posed  of  several  concentric  coats^  which  have  nai 
chemicalljr  examined  f  butt  from  the  ex|>rrimrnfi  of 
Hatdiett  on  itmilar  tubstaricet,  we  maj  c* 
pf obabk  that  they  ()o^>s  the  pcapcrtiea  af  coagoiatd 
albomcD.     The  iat«:rn!d  part  of  the  eye  la  chiefly  SIM 
with    three  traTiaparent  u^bsti^ioesp  which   have  beta 
called  bamours  hy  anatomists  \  Qaraelj,  i  *  T:^i!  offtm 
hwmur^  iniiAediately  bcbind  the  cornea  ^  2*  The  €fjh 
taiiine  humcur  or  Una  ;  ^ud,  3*  The  vitrtmi  humm. 
behind  tl^  lease,  and  occupjing  the  greatest  part  oftbf 
ejf»a  JBi^e  knew  scarcely  my  thing,  of  t 
prtfkartlesr of  these  humoars  till  Mr  C^hcfK 
ed  an  analysis  of  them  in  the  Philofophical  1 ,  _„,a,__ 
for  lao^.      Since  that  dcD#aa  aoalyua  of  Uieoi  hj 
likewise  been  published  by  Nicholas  •• 


*  Afin^dt  Ciim,M^^9^, 


kumoist. 


.  Most  of  tht  cxpcri«DeQt«  of  Chenevix  were  mz4c     Chip.  {{«t 
upon  the  ejp^cs  p£  thsep,  as  moft  ca&iLy  procurtd.     He 
laftervi^ards  tried  the  properties  of  humours  from  ibc   *****' 
ye%  of  other  aoimals. 
J.  The  aqueoQi  huiDOur  of  Uie  eve  oi  the  sheep  U  Aqa< 
cle^r  tmosparetit  liq^uid  5 ike  water,  wl&idn  Jtiai  very 
iule  imell  o]^  ta&te  when  lt&speci6c  gravitj  is 

I'OQDO  at  th,e  iemperaUire  of  60^* , 
jjt  scarcely  alters  vegelable  blues  yvh^n  £resh  *. 
JEbtfn  exposed  to  the  air  it  evaporates  slowl/^  aad  1^- 
Cpoirs  alighily  putrid^  When  boiled  a  vcrj  sUgbt.cq* , 
agnlum  is  formed.  When  100  parts  are  evaporated  to 
dproe&s,  they  leave  eight  parts  of  residuum.  Tannin 
occasionf  a  precipitate  in  it  both  before  boiling  and  af,» 
Nitrate  of  silver  occasions  a  precipitate  of  mo* 
tiaie  or  silver  »  but  no  precipitate  is  produced  by  other 
Ksetaliic  salts*  llence  it  appears  that  the  aqueous  hu- 
fuikUi  ii  water  sl^htlj  impccgoated  with  the  foUowtog 
lobstaoccs:  ^ 

U  Albumen 

2.  Gelatine 

3.  Muriate  of  soda* 
Fo^  Mr  CUenevix  found  that  the  rnuriatic  acid  was  in 

ofubination  with  soda*    Nicholas  has  likewise  detected 
.  little  phosphate  of  lime  in  iu 

2*  The  vitreous  matter   possesses  the  verj   same  vicreoui 
)foperties  as  the  aqueous  ;  even  its  specific  gravity  is  ■^'*""*«*^* 
in*  ^safDe,  Of  only  a  very  little  greater* 
^  m.  The  crystalline  leose  is  solid :  densest  in  the  ten* 
tre^  and  becoming  less  solid  towards  the  circumfereoee^ 


Leoie. 


^  iMttT^*  ImxDd  that  R  ttimed  psptr  itaiocd  wltll  the  petil*  of  tlic 
BaUow  to  gfitn. 
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It  U  composed  of  concefitfic  eottf,  to^  is  frsfupirenL 
ItB  Ipeeific  gravity  ti  iMDOd.'  When  frestt  it  h«t  IMi 
ttiie.     It  ptttrcfi^f  Very  rtpfllf . 

It  if  almost  completely  toluble  in  winrr,  i  he 
tion  U  partly  tk^a^Tated  by  heat,  ai^d  giv«^  ^  co] 
pfectptttte  withlafiiain  both  befbiifr  tlfe  Cfya^ulanoii  lod 
sfttf'lt;  It  ^it^nno  irsrecsfrf  VMMlie  acid.  Hrtm 
tt  is  cotnpoted  of  albumeh  inCj^lTMIfH:  unttcii  tosw 
fer.  'Accordlftg  to  Nicholas,  tlie  qokntiif  of  g^lite 
dlmlctiihel  ti  ^  tpproach  the  centre  of  tlieltotep  ulifct 
it  f$  ^efy  small.  He  detected  pbotpliile  of  lime  Bkf* 
vfift  in  every  part  of  tlie  lense. 

n*  ^he  hutsotirs  of  the  huoiaii  eye  trc  composed  ef 
the  lanir  in|fredieiits  as  thbse  of  thte  aheep  ;  tlie  mlf 
pereepttble  drffcrcnce  contisti  ift  their  specific  gnrhjf. 
The  specific  grtivity  of  the  homan  aotie<Mia  sod  viot- 
otii  hamoors  is  l*b055  ;  that  of  the  cryslaUine  i*O10d. 

III.  The  humours  of  the  tjtt  of  oxen  retettihle  ihm 
of  the  sheep  in  their  composition.  The  apecrficgrari^ 
of  the  aqacous  and  vitreous  hnmoof¥  is  l-OOfit;  tbat«f 
the  crystalline  1*016 r»* 

From  these  three  sets  of  expenmmti  Mr  CboKru 
has  drawn^  as  a  probable  cooclasioOj  chat  the  dUReraMf 
between  the  density  of  the  iqneoUs  tnd  cryattlluie  l» 
mourSf  and  that  of  the  crystal  1  i  ^  r  tn^vne  ti* 

tio  of  the  diameter  of  d»f  ^f^t  t^Li^u  it  out  the 
the  optic  nerre. 

The  cryttallioe  of  tho  03c  sreighed  SO  graint .  Wtai 
tlii  whole  of  it  was  pared  away  except  the  six  gnb 
it%  tlie  centre,  the  specific  ^rarity   was  foood  to  It 
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IV.  Mr  Chfuevix,  in  bit  paper,  m»kfl»'ii©^«wjlion  ^Cli^>^^ 
pf  the  eyeft  of  birds  i  but  Mr  Dftvj  pabiislied  fto  ftbitrmct  Ey*  «€ 
of  it  in  the  first  volurot  ©ftlic  Jmimai  ©f  the  Royal  lo* 
»tttution.  Hf  thtre  states  that  Mr  Chrnevix  found  the 
humours  of  tht  tye%  of  birds  composed  of  this  tame  con* 
Mituenls  fts  th«  «)rts  of  other  animals  t  but  that  ht  fotind 
HI  the  same  time  th# ipeiific  gravity  of  the  viirtokia  1hi<4 
fnour  in  these  aniailili  fntter  than  the  specific  grsriff 
of  the  cT7ftaUitie  •• 


SECT,  XIX. 


or    SlNOTIA* 

>VrTHn*  the  capsular  ligament  of  the  different  joints 

the  body  there  is  contained  a  peculiar  liquid,  intend^ 

evidently  to  lubricate  the  parts,  and  to  facilitate  their 

inotToii.     This  liquid  is  kno^^  atndng  dnatotnists  by 

the  name  of  lincvta* 

*  '  "Whether  it  be  the  same  in  different  animds,  or  even 
^^fft  all  the  different  joints  of  the  same  animal,  has  not 
^R^en  determmed,  as  no  accurate  analysis  of  the  sinovik 
^Hjif  different  animals  has  been  attempted.  The  only  ana* 
■^ysts  of  slnovia  which  has  hitherso  appeared  \%  that  bj^ 
Mr  Margueron,  which  was  published  in  the  14th  vo* 
lame  of  the  AnnaUs  dt  Chimit.  He  made  use  of  slnd^ 
via  obtained  from  the  jointi  of  the  lowei^  cxtremhies  of 
oxen. 


#  Jmr*  9fiht  Mi^t  Inttk*  i.  %f7* 


■V" 

^novit  of 


Atutafi- 
fcro«•ma^ 


tlie  joiot,  is  ft  vUcid  semairtotpurnit  fluids  oC  »grccaisli 
vvbitc  ootouft  tod  ft  ftmell  noi  otiUke  frogipiwQ« 
very  »^Mi  icqutres  the  coasi^lcfiGe  ol  jcUy  }  and  titti 
bftppenv  equally  ^l^ihct  it  be  kr[K  in  ft  coM  or  ftbel 
tempt rsiuffe*  whether  it  be  cspiMcd  to  ibe  fttr  q€&^ 
duded  ttom  it.  This  contiftiaice  doct  not  cqatsflo^ 
^g(  the  linovift  loon  recofvefs  agiun  its  fluidiiyi  m 
ut  the  tame  time  depositcs  a  thrrmdy-'like  mmitt^r*. 

Sinovta  mizriretdUy  with  wmiettand  icntiftfttto  lint 
liquid  ft  great  deal  af  viscidiiy,  Tli-  i  trc  firoAi 
when  agitated  *y  becomes  milky  when  h  i,iJde]iQ* 

titen  some  pellicles  on  tlie  tideB  of  thcdiah  $  but  itt  rii- 
cidiiy  ii  tiotdiminithed  f* 

Wheo  ;ilcohol  is  poured  into  sinom,  ft  whfle  n 
stance  precipitates^  Whtch  has  all  the  pdroperticrs  of  d» 
j^omeo..  One  humired  partt  of  tinovift  cofiiaio  4*5f  ff 
ftlbamen*  The  liquid  still  contir*ue§  pk  *  *  m  wwoi 
but  if  uccltc  acid  be  poured  iolo  ii,  tht:  .ij  d^a^ 
pe»t  iher«  the  liquid  becomes  trftfi^parortf  aal 

deposites  a  qoantity  of  matter  in  whim  llireads,  nhissh 
poisc&$es  ilic  following  pr  r^r*T~.  1  Tt  hat  the et- 
lour,  trocl],  UstCt  and  c .  r  \^    *  We  glalo. 

St*  It  h  soluble  in  a>ncentrated  acida  aad  ptire  alkdicb 
$.  It  ii  solvblo  in  coid  watery    the  sol-  bt 

Actdt  and  ajcohol  precipttmie  the  fibro\j>  ^k.^^.i  k 
flakei*  Ooe  hundred  parts  of  bi»ovta  contaia  iv$e  <i 
this  matter  t' 

When  the  liqni'1,   after  ibese  lubiian era  bare  bees 
separated  from  il^  is  conccfitrated   by  cvaporatioO|  it 
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dtpo%Ue%  er/stah  of  acetate  of  %oi^*  Sinovia^  there  fare,   ^  ChAp.  ir. 
eontzins  soda*     Msr^eron  foimd  that  loo  parts  of  il* 
fiovia  contained  abom  0*11  of  soda*  ' 

When  strong  sulphuric^  muriatic,'  nitrict  icrtic»  qr 
sulphurous  acid  is  poured  fnto  snuyrii,  a  number  of 
white  flakes  precipitate  at  first,  but  they  are  loon  rc- 
dissolved,  and  the  vifcidiij  of  the  if  quid  continues. 
When  these  acids  are  diluted  with  five  times  their  weight 
of  water,  the/  diminish  the  transparency  of  sinovia, 
bnt  not  its  viscidity  ;  but  when  they  arc  so  much  dilu* 
fed  that  their  acid  taste  i^  just  perccpttblc,  they  preci- 
pitate the  peculiar  thready  matter,  and  the  viscidity  of 
the  sinovta  disappears  *• 

When  sinovia  is  exposed  to  a  dry  atmosphere,  it  And  isUa* 
gntdually  evaporates,  and  a  scaly  residuum  remains, 
in  which  cubic  crystals,  and  a  white  saline  efHofes- 
CTQce  are  apparent.  The  cubic  crystals  are  muriate  of 
soda«  One  hundred  parts  of  sinovia  contain  about 
1'15  of  this  salt.  The  saline  cfflorcsociice  is  carbonate 
of  soda  f* 

Sinovia  soon  putreiies  in  a  mout  atmosphercy  and 
during  the  putrciaction  ammonia  is  exhaled*  When  it 
is  disiilled  io  a  retort,  there  comes  ov«r,  first  water, 
which  soon  putrefies ;  tlien  water  containing  ammonia  i 
then  empyreumatic  oil  and  carbonate  of  ammonia. 
From  the  residuum  muriate  and  carbonate  of  soda  triay 
be  extracted  by^Iixiviation*  The  Coal  conialns  some 
phosphate  of  lime  |. 
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SECT.   XX 

fkJP  SEMEN. 

Tn€  peculiar  liquid  secreted  Jn  the  testes  of  males^  tnd 
destined  for  the  itnpregoation  of  fcmalcs,  h  ktiown  by 
the  name  of  ttmifi.  The  humsn  semen  tnd  the  melt  of 
fresh  water  fishes  alone  h^e  hitherto  been  subjected  to 
cbemical  anal]rits«  Nothing  is  known  concctnmg  the 
seminal  floid  of  other  animals.  ] .  Vauquelin  published 
an  analysis  of  the  human  semen  in  |10I. 

Semen^  when  newly  ejected,  is  evidently  a  mixture  Properti«r. 
cyf  two  dtfferet)t  substances  t  tht  one  flirid  mnd  InHky^ 
which  is  supposed  to  be  secreted  by  the  prostate  gland ; 
the  other,  which  is  considered  as  the  ttne  secretion  of 
the  testes,  is  a  thick  mucilaginous  substauce,  in  wbfcK 
nntnerous  white  shining  Claments  may  be  discovered  ^« 
It  Iras  a  slight  disagreeable  odour,  an  acrid  irritating 
tmste,  and  its  specific  gravity  is  greater  than  that  of 
filter.  When  rubbed  in  a  mortar  It  becomes  frothy, 
mnd  of  the  consistence  of  pomatum,  in.  consequence  of 
its  enveloping  a  great  number  of  air-bubbles.  It  con- 
^rtt  paper  stained  with  the  blossoms  of  mHllowsorvi* 
olets  to  a  green  colour,  «nd  consequently  contains  an 
alkali +.  ' 

As  the  liquid  cools,  the  mucilaginous  pan  becomes 
trftDsparcitt,  and  acquires  greater  consistency  ;  but  in  ar- 
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bODt  twenty  mioutct  after  ill  cmtsiioo,  tlic  wMc  ki^ 
ornnei  perfectly  liyttfe-Tfai»^lii|iieiMrtiQO  b  not  owwf 
to  the  absorption  of  moi&iure  from  the  mir,  for  it 
instead  of  aequiring  weight  during  its  e^Kpotore 
otniotpliere  »  aor  ia  it  owing  to  the  ftctioo  of  the  ur^  br 
it  takes  place  eqttftll/  in  doee  wesids  *» 

SemeQ  ia  inaolobk  to  water  before  this  ipcm 
ItquefactioOj  but  afierwtrda  il  diicolres  r^^lf 
When  alcohol  or  oxymufiatic  acid, is  poured  iotoiliii 
solltti^Q^  a  dumber  of  white  flakes  are  prccipitalfdt. 
Coa^aUmied  alkalies  facilitate  its  combiiuUioQ  Mi 
water*  Acids  readily  dissolve  the  semen,  ami  the  sob* 
uao  is  ool  decomppied  by  alkalies  f  neither  tadeed  is 
the  aUsaltiia  sQ^oa  deeomposcd  by  aci4s  X* 

Litta  ^SBi4plgts  no  amiDoma  from  fresh  seiaeaf  he 
after  tltst  fluid  has  lemaincd  for  some  sim^  to  asMit 
atid  warm  i^mosphcu^,  liine  aeparaies  a  great  qttintitT 
from  It*  Consequent! r  iT^'^r^n^-  *'  ff^rmcd  duciiig  Gk< 
exposure  of  secDeii  to  • 

When  Qxymuriatic  acidiipoui^  iato  semeii«aQM. 
bcr  of  white  flukes  preeipitace,  smI  the  acid  loies  ilS|S* 
coltar  odour.  These  flakes  are  insolctble  in  truirr.  t$i 
even  in  acids.     If  the  c|aAiitily  of  acid  he  %  > 

semro  sequires  a  yellow  colour*     Thus  it  appears  cb: 
semen  contains  a  mucilagiaous  substance^  aaalo|i 
that  of  the  tears,  which  coagulates  by  absorbio| 
Mr  Vauiitielin  obtained  from  lOO  parts  of  se 
parts  of  this  jtmcilage* 

When  semen  is  exposed  to  the  air  about  the  teaipcrs* 
ture  of  60%  it  becomes  gradually  coTered  with  a^st- 
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parent  pellicle,  and  in  three  or  four  dajri  depositcii  %m%ll  .Q^°^ 
trintparent  crystals,  often  crossing  each  other  m  jiucU 
m  manner  as  to  represent  the  spokes  of  a  wheel.  These 
er^staUp  when  viewed  through  a  niicrosoopc,  appear  to 
be  four-sided  prisms,  terminated  by  very  long  foiir*sided 
pyramids*  They  may  be  separated  by  diluting  the  U« 
quid  tviih  water,  and  decanting  it  off.  They  have  all 
ihe  properties  of  phosphate  of  lime  *.  If,  after  the  ap- 
fico  of  these  crystals,  the  semen  be  still  allowed  to 
emain  exposed  to  the  atmosphere,  the  pellicle  on  it* 
aarface  gradually  thickens,  and  a  number  of  white  round 
bodies  appear  on  different  parts  o£  it.  These  bodies  al** 
are  phosphate  of  lime,  prevented  from  crystallizing 
cgularly  by  the  too  rapid  abstraction  of  moisture.  Mr 
Vauquelin  found  that  100  parts  of  semen  contain  three 
parti  of  phosphate  of  limef*  If  at  this  period  of  the  Aaim^ 
ermporation  the  air  becomes  moist,  other  crystals  appear 
ia  the  semen,  which  have  the  properties  of  carbonate  of 
•oda*  The  evaporation  does  not  go  on  to  complete  ex- 
piccation,  unless  at  the  temperature  of  11**,  and  when 
air  is  very  dry.  When  all  the  moisture  is  evapora* 
ted,  the  semen  has  lost  CQ  of  its  weight ;  the  residuum 
is  scmitransparent  like  horn,  and  brittle  {« 

When  semen  is  kept  in  very  moist  air,  at  the  tempe- 
slure  of  about  11**,  it  acquires  a  yellow  colour,  like 
I  of  the  yolk  of  an  egg  ;  its  taste  becomes  acid,  it  ez« 
t%  the  odour  of  putrid  Esh,  and  its  surface  is  covered 
rilh  abundance  of  the  hyssus  teptica  \* 

When  dried  semen  is  exposed  to  heat  in  a  crucible,  Accmd  of 
it  roelts,  acquires  a  brown  colour,  and  exhales  a  yellow 


heat. 
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ioenc  muriate  of  ammoiiis^  which  exists  i»t turtllf  in  ,  ^^P-  ^'^ 

the  milt.     When  milt  is  dried  slowly  in  a  modemte 

beat  it  lotes^thsof  its  weight,  becomes  yellow  and 

brittle*     When  heated  lo  a  platinum  crucible  it  softens 

and  then  melts,   exhaling  yellow  vapours  having  the 

stnelJ  of  animal  oil.      The  charcoal  formed  contains  a 

notable  quantity  of  uncombined  phosphoric  acid,  tO'> 

getber  with  some  phosphate  of  lime  and  phosphate  of 

flitiroesia.    As  the  acid  did  not  exist  in  the  milt  it  must   Conum* 
*  ^  ^     pbotphorui- 

have  been  formed  during  the  combustion ;  and  hence  it 
follows  that  milt  contains  a  notable  (juantitj  of  phos* 
pborus  as  a  constituent. 

123  parts  of  fresh  milt,  cautiously  distilled  in  an 
ttithen  ware  crucible,  gradually  heated  to  whiteness, 
fitroiihed  the  following  products:  1.  A  great  deal  of 
colourless  water  bolding  in  solution  carbonate  of  am* 
monia,  a  good  deal  of  prussiate  of  ammonia,  and  traces 
of  muriate  of  ammonia  ;  2.  A  transparent  oil  slightly 
yellow  ;  3,  A  fluid  blood-red  oil ;  4.  A  thick  blackish 
brown  oil  i  5*  Crystals  of  carbonate  and  prussiate  of 
immonia  ;  6.  A  quantity  of  phosphorus ;  7>  A  small 
^  qototity  of  carbonic  acid  and  heavy  inflammable  air. 
The  charcoal  remaining  in  the  retort  amounts  to  14- 
pKtSf  and  contains  no  disengaged  phosphoric  acid. 

When  roilt  is  triturated  in  distilled  water  a  white 
Opaque  liquid  is  obtained^  which  does  not  become  trans- 
^nafont  though  passed  through  the  filter.  When  the 
l^kuid  is  boiled  an  albuminous  matter  coagulates;  and  if 
^^■le  residuary  liquid  be  evaporated  sufficiently  it  gela* 
^Hbiixes  \  a  proof  that  it  contains  gelatine.  Alcohol  di- 
gested on  milt  dissolves  a  substance  which  possesses 
the  properties  of  animal  soap.  When  it  is  separated 
the  milt  becomes  dry  and  harsh  to  the  feel ;  a  proof  that 
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Its  specific  gravity  is  1*005.  It  gives  a  green  co-  ^»p-tL 
lour  to  the  tincture  of  violets,  and  jet  it  reddens  very 
decidedly  the  ttnctore  of  turnsole.  These  two  proper* 
ties  would  indicate  at  once  the  presence  of  an  acid  and 
of  an  alkali.  It  froths  considerably  when  agitated.  On 
the  application  of  heat  it  becomes  opaque,  and  has  then 
a  great  resemblance  to  milk  diluted  with  a  large  quan* 
tity  of  water.  At  the  same  time  it  exhales  the  odour 
of  boiled  white  of  egg  *• 

Acids  render  it  more  transparent.  Alkalies  precipi- 
tate an  animal  matter  in  small  flakes.  Alcohol  like- 
wise produces  a  flaky  precipitate^  which g  when  collected 
and  dried,  becomes  transparent  and  very  like  glue.  The 
infusion  of  nutgalls  produces  a  very  copious  brown  co- 
loured precipitate.  Niirate  of  silver  occasions  a  white 
precipitate,  which  is  insoluble  in  nitric  acid,  and  conse* 
quently  is  muriate  of  silver  f. 

When  slowly  evaporated  it  becomes  slighily  milky, 
m  transparent  pellicle  forms  on  its  surface,  and  it  leaves 
a  residuum  which  does  not  exceed  0*012  of  the  whole* 
By  Uxiviaiing  this  residuum,  and  evaporating  the  lej^ 
crystab  of  muriate  and  carbonate  of  soda  may  be  obtain* 
cd.  The  remainder,  when  incinerated,  exhales  a  fetid 
mnd  ammoniacal  odour,  resembling  that  of  burning  homi 
the  ashes  consist  of  a  small  quantity  of  carbonate  of 
soda,  and  of  phosphate  and  carbonate  of  lime  J. 

Thus  we  see  that  the  liquor  of  the  human  amnios  is 
0omposed  of  about 
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Bjcctured,  that  it  h  formed  from  the  albaroea  of  that  ^W-  ^^  ^ 
t]iud»  which  has  undergone  %omt  unknown  changes. 
It  has  heen  long  known  thtt  the  parts  of  a  fatus^  which 
lias  }ain  for  some  time  after  it  has  been  deprived  of  life 
in  the  uterus,  are  sometimes  conv^erted  into  a  kind  of 
fatty  matter*  It  is  evident  that  this  substance,  after  it 
is  deposited  upon  the  skin  of  the  foetus,  must  preserve 
it  in  a  great  measure  from  being  acted  upon  by  the  U* 
quor  of  the  amnios^ 

2,  The  liquor  of  the  amnios  of  the  ^ow*  has  a  visci-  h'**^!!„*l 
If  simiJar  to  mucilage  of  gum  arabic,  a  brownish  red  of  tJiecov* 
»loar,  an  acid  and  bitter  taste,  and  a  peculiar  odour^ 
>t  tinlikc  that  of  some  vegetable  extracts.  Its  specific 
gravity  it  1'026«  It  reddens  the  tincture  of  turnsole^ 
and  therefore  contains  an  acid.  Muriate  of  bary  tc%  causes 
m  very  abundant  precipitate^  which  renders  it  probable 
that  ti  eontains  sulphuric  acid.  Alcohol  separates  from 
it  a  great  quantity  of  a  reddish  coloured  matter  f. 
•  When  this  liquid  is  evaporated^  a  thick  frothy  scum 
gBihtf%  on  the  surface,  which  is  easily  separated,  and  in 
*^rluch  some  white  acid-tasted  crystals  may  be  diKover^- 
€fl«  By  continuing 'the  evaporation,  the  matter  be- 
comes thick  and  viscid,  and  has  very  much  the  look  of 
liaoey*  Alcohol  boiled  upon  this  thick  matter,  and 
filtered  oflT,  deposites  upon  cooling  bfilliant  needleform 
crystals  nearly  an  inch  in  length.  Tliese  cry  totals  may 
lie  obtained  in  abundance  by  evaporating  the  liquor  of 


•  A  minute  account  of  the  Uquor  amnii»  and  of  the  liqvor  aUntoidti 
vf  the  cow*  hw  been  publiabed  hj  Daomli;  lor  an  abicract  of  wbicb  ire 
CehUmU  /«wr.  Second  Scrid^  ti,  65  s. 
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Book  V.  the  amnioi  to  s  fourth  part  of  its  hulk,  sod  Ibeo  i 
ing  it  to  cooL  Tlie  crystals  loon  make  their 
snce.  They  m^j  he  tepamted  and  purified  bj  wtihii| 
them  in  a  small  quantity  of  cold  wafer*  These  eryndi 
•re  amniotic  acid  *. 

If  after  the  separation  of  this  acid  the  Hqoor  of  ik 
amnios  be  evaporated  to  the  consistence  of  a  S7rnp,lai|i 
tranf parent  crjrsialj  appear  in  tt^  which  have  mUtheprek 
pcrtics  of  sulphate  of  soda.  The  liquid  of  the  aanai 
of  cows  contains  a  considerable  quantity  «if  this  salt* 

Thuii  it  appears  that  the  liquor  of  the  amnios  of  cem 
contains  the  following  ingrcdieuts  : 

1.  Water 

2*  A  peculiar  animal  matter 

3*  Acid 

4.  Sulphate  of  loda* 
The  animal  matter  possesses  the  following  properlid: 
It  has  a  reddish  brown  colour  and  a  peculiar  tmife;  s 
is  very  soluble  in  water^  but  insoluble  rn  nlcohof^  whiidk 
has  the  property  of  separating  it  from  water.  Wiica 
exposed  to  a  strong  heat  it  swells^  exhales  first  tiie  odov 
of  burning  gum,  then  of  empyreumatic  oil  and  of  aft* 
monia^  and  at  last  the  peculiar  odour  of  prussieicM 
becomes  very  conspicuous.  It  di^rt  from  gelatiiie  im 
the  viscidity  which  it  communicates  to  water«  ia^ 
fbnaing  a  jelly  when  concentrated,  and  in  not  benif  |i» 
ctpitated  by  tannin.  Jt  must  be  therefore  ranked  aawy 
the  vory  undefined  and  inaccurate  cH%b  of  amimmi  mmi 
fagii.  When  burnt  it  leaves  a  very  large  coali  wbid 
is  readily  incinerated,  and  leaves  a  little  whita 
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composed  of  photphate  of  magnesifty  and  a  rtrj  small    Ch>pw  It 
proportion  ol  phosphate  of  lime  ^. 


SECT,  XXII. 


OF  ANIMAL  P0J50K8* 


DtvERAt  animals  are  fumUhed  with  liquid  juices  of  a 
poisouous  nature,  which  when  poured  into  fresh  wounds 
occmijon  the  disease  or  death  of  the  wounded  auimaU 
Serpents,  bees,  scorpions,  spiders,  are  well  known  ex- 
amples of  such  animals.  The  chemical  properties  of 
these  poisonous  juices  deserve  peculiar  attention ;  be- 
cause it  is  oii\j  from  such  an  investigation  that  we  can 
hope  to  explain  the  fatal  changes  which  they  induce  on 
the  animal  economy,  or  to  discover  an  antidore  sul!i- 
ciently  powerful  to  counteract  their  baneful  influence, 
Uufortunaielj  the  task  is  difficult,  and  perhaps  surpassea 
our  chemical  powers,  for  the  progress  already  made  in 
the  investigation,  we  are  indebted  almost  entirely  to  the 
labours  of  Fontana, 

1,  The  poison  of  the  viper  is  a  ycUow  liquid,  which 
lodgea  in  two  small  vesicles  in  the  animal's  mouth* 
These  communicate  by  a  tube  with  the  crooked  fangs, 
which  are  hollow,  and  terminate  in  a  small  cavity* 
When  the  animal  bites,  the  vesicles  are  squeezed,  and 


!*olion  of 
the  viper 


•  Am*  it  Chm.  titiiJ-  %}t* 


tm&ame  till  it  has  bteome  bhek.     These  properties  arc     *^*P*  ^ 
Hatsf  to  the  properttes  erf  gnw^  and  indicate  the  gum* 
^■r  nature  of  this  poisonous  subsunce.     Fontana  made 
^■bI  of  eiperiments  on  the  dry  poison  of  the  Tiper^  and 
iriiniilar  set  on  gum  arabic^  and  obtained  the  same  re« 

iBlts. 

From  the  late  observations  of  Dr  Rasscl,  there  is  i 
^ppon  to  believe  tlrat  the  pofsonous  juices  of  the  other 
Wrpent»  are  Mmilar  in  their  properties  to  those  of  the 
|M>ef, 

^PBTbia  striking  resemblance  between  gums  and  the  poi« 
ptfi  of  the  vfper y  two  substances  of  so  opposite  a  nature  1 
in  their  effects  upon  the  living  body,  is  a  humitiattng 
iproof  of  the  small  progress  we  have  made  in  the  che- 
imcal  knowledge  of  these  intricate  substances.     Thd 
poison  of  the  viper,  and  of  serpents  in  general,  is  most 
hurtful  when  mixed  with  the  blood.      Taken  into  tbe^ 
ifttomach  it  kills  if  the  quantity  be  cousiderable*     Fori'*^] 
^Ba  hai  ascertaiDcd  that  iu  fatal  effects  are  proportkiailtl 
toits  quantity^  compared  with  the  qwafvtity  of  the  blood,  j 
Hence  the  danger  diminishes  as  the  size  of  the  auimafj 

icreases*    Small  birds  and  quadrupeds  die  immediately^l 
keo  they  are  bitten  by  a  viper  j  but  to  a  full*sized 
an  the  bite  seldom  proves  fatal. 
^_Ammonia  has  been   proposed  as  an  antidote  to  the  Ammonim 
^h  of  the  viper.     It  was  introduced  in  consequence  of  ^n^^fii^ 
'roc  theory  of  Dr  Mead,  that  the  poison  was  of  an  acid 

Pure.     The  numerous  trials  of  Ui»t  medicine  by  Foo. 
a  robbed  it  of  all  its  celebrity  ;  but  it  has  been  lately 
revived  and  recommended  by  Dr  Ramsay  as  a  certaia 
for  the  bite  of  the  rattlesnake  ^. 


9  Flfl*  Mt^*  iviL  ^lie  reader  wiU  finii  an  Ifiterettiog  dmttUt 


§M  AVIM AL  rLOfM. 

BookV.         2.  The  vonom  of  the  bee  and  the  wasp  is  ilso  tfi* 

Venom  of     ^uid  contained  in  «  small  vesicle  forced  throngh  the  hoU 

^cbct  and  j^^  ^^^  ^f  ^y^^  ^j^g  Jq^^  ^  wound  inflicted  bj  that 

instroment*.    From  the  experiments  of  Fontsna,  wt 

learn  that  it  bears  a  striking  resemblance  to  the  poiaoa 

of  the  yipen    That  of  the  bee  is  much  longer  indrjri^ 

when  exposed  to  the  air  than  the  venom  of  the  wa^. 

^^*'*''       8.  The  poison  of  the  scorpion  resembles  that  of  the 

viper  also*     But  iu  taste  is  hot  and  acrid,  which  is  the 

case  also  with  the  venom  of  the  bee  and  the  wasp. 

OCipUen.        ^^  ijq  experiments  upon  which  we  can  rely  han 

been  made  upon  the  poison  of  the  spider  tribe.    Fiva 

the  rapidity  with  which  these  animals  destroy  their 

prey,  and  even  one  another,  we  cannot  doubt  that  thdif 

poison  is  suflkiently  virulent  f. 


tioD  on  the  different  remedies  applied  to  the  core  of  the  rattkaala  a 
the  Amer:  Tfwu,  vnl.  iii.  p.  loo.  hj  Dr  Smith  Barton.  The  obMn^ 
tiaoi  of  Feotana  in  his  treatise  on  poisons  deserve  partkolar  artentioa. 

*Seeacnrioiisaccount  of  the  stmaoreof  the  sting  by  Dr  Hoafcch 
hit  MUnira^im. 

f  Dr  Mead's  romantic  account  of  the  bite  of  the  taiantnla  wiD  cottr* 
tain  dM  reader.    See  Mead  on  P§itmi,  p,  57. 
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V        SECT.  XXIIJ, 


rni  AIR  CONTAINED  IN  THE  SWIMMING  BLADDERS 
Q¥  FISHES. 


Ssh  are  famished  with  a  bladder  fiJled  with  air, 
neans  of  which  thej  are  supposed  to  rise  or  sink  in 
■rater*  When  thejr  wish  to  rise  tbej  are  supposed 
Blate  their  air  bladder ;  when  they  wish  to  sink  h;,.^-- 
r  compress  it.  Whether  this  be  the  use  of  the  air 
Iderof  fishes  is  somewhat  doubtful.  Most  fish  have 
;culiar  depth  at  which  they  almost  always  remain^ 
is  the  flat  fish  constautlj  affect  the  bottom  of  the  sea, 
there  are  others  that  as  constantly  affect  the  sur- 
From  the  late  observations  of  Biot  it  appcais, 
Irhen  a  fish  is  suddenly  brought  from  a  great  depth 
is  the  surface,  the  air  bladder  swelis  so  much 
be  fish  cannot  again  sink  ;  nay^  it  often  bursts ; 
ke  air  making  its  way  into  the  stomach,  swells  it 
ind  forces  it  into  the  mouth  or  oesophagus.  The  air 
h  which  these  bladders  is  filled  was  first  examined 
Dr  Priestley  in  m4»  From  his  observations  it  ap» 
rs  that  it  varies  in  its  nature.  The  roach  was  the 
the  air  bladder  of  which  he  examined.  At  first  hf 
nd  it  filled  with  azote,  but  afterwards  lie  got  a  mix- 
:  of  oxygen  and  azoic  *. 


•  Pricftky  On  A'^t  n*  4^3' 
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Fourcroy  long  after  examtDed  the  air  in  Ibe  ut  bbd. 
der  of  the  carp,  and  UmtA  il  ili^H  pore  axoCe  ^  and  li* 
milar  results  were  obtained  hj  other  cheixiists*  Bat  hj 
far  the  most  complete  aoaJj&ti  <if  thii  kind  of  ah  hit 
been  hiclj  made  by  Biotj  while  in  Triza  and  Fofoica- 
tera^  two  islands  a  little  to  the  south  of  Majorca  aad 
Minorca.  He  was  employed  by  the  French  goveiB. 
ment  to  prolong  the  meridian  of  France  to  the  Balcirtsa 
islands,  and  embraced  the  opportuoity  which  prcieiiiri 
itself  to  examine  the  air  in  the  bladders  of  the  different 
9pccie$  of  fish  caught  tn  the  neighbourhood  of  these 
islands.  Next  season  he  returned  to  the  same  iiliDdi 
with  Mr  Laroche,  who  repeated  and  confirmed  hispit« 
ceding  experiments  *• 

Biot  found  the  air  in  the  air-bladders  ft  ailxture  d 
axotic  and  oxygen  gas  in  very  variable  proportioos*  No 
traces  of  hydrogen  gas  could  be  detected  ;  nor  was  tlitn 
any  sensible  quantity  of  carbonic  acid.  The  propoitioo 
of  oxygen  gas  was  very  various*  being  sometimes  very 
Ifiinuie,  and  sometimes  constituting  almost  the  whole  dt 
the  gas.  The  air  bladders  of  those  fish  which  live  nfir 
the  surface  contained  least  oxygen  gas,  and  the  bidden 
of  those  which  were  brought  up  from  n  great  depdi 
contained  the  most*  Tlic  following  Table  exhibits  lie 
proportion  of  oxygen  In  100  parts  of  the  air  in  tbe£f* 
fcrcnt  fnh  examined. 

Nuna  of  die  Fiih.  ProptMtWm  of  O^jg^SL 

Mugil  cephalus  (Xi/in*^... •••««•»••  Quantity  ins 
Ditto  *»*.« Ditto 

Muroenophis  helcna  (^Lacef^ede).*^  Very  Utile 


^  fijoCt  Mcoioiret  are  prt  ted  to  dka  Mm*  D^JtmM^  L  d$i.  atu3  il  t 


AUL  IV  THE  SWIiCMtKO  BLAdDSlia  OF  FISREi. 

KuBCi  of  tke  flth.  Prop«rti«n  of  Ozj\gcD, 

Spar  us  annularis  (^Linn,^  female    0*00 

Ditto  male  .*,...«« .«•».  0*08 

Sparus  sargu$  (Xinii.)  female  ••••  0*09 

_  Ditto  male ....,.••  0»20 

Holocentrtu  MaHnus  (^Lace^de)    0'12  ^ 

Labrus  turdus  (^JJan.)  .•«» 0*16 

Sparus  mclanurus  (Zi/;ii.),,,«.^«».  0*20 
Labrus  turdus  (^r.  Zuz/i*)  »*»•«•  0'24 

Sciaeaa  nigra,  female •««•«*«•  0*27 

Ditto  male  ..,»•• *««^«.««..*  0*25 

Labrus  turdus  (Xiivfi.)  female    •••  0*2^ 

Ditto  male  *... ».«.  0*i8 

Sparus  dentex  (XiVrfl.)  female  *..^  0*40 

Sphyrcena  spei«  (^Laceptdi) »  0*44 

Sparus  argenteus *..••• 0*50 

Sparus  erythrinus ,. *.  Much 

Holjcentrus  gigas  .««.«**••«««•••«•*  0*00 

Gadus  merluccius  {^Linn^^  » 0*70 

Trjgla  lyra  (^Linn.)  *..*.. 0*87 

The  depth  at  which  the  fish  in  the  preceding  table  are 
caught  increases  gradually,  as  well  as  the  proportion  of 
oxygen,  from  the  beginning  to  the  end  of  the  table*  The 
last  tncDtioaed  fish,  the  trygla  lyra  is  always  caught  at  a 
▼erf  great  depth.  The  experiments  of  Laroche  confirm 
the  accuracy  of  this  curious  fact.  The  mean  result,  fur. 
aishcd  by  all  the  fishes  taken  at  a  depth  greater  than  15^ 
foct,  was  0"70  of  oxygen  ;  while  the  mean  result,  fur- 
nished by  the  fish  caught  at  less  depths,  was  0*20*  That 
superior  purity  is  not  owing  to  any  superior  purity  in 
the  air  of  the  water  of  the  sea  at  great  depths.  The 
^r  obtained  from  sea  water,  brought  up  from  a  great 
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BookV.     depth,  yielded  0*205  of  oxygen,  while  that  firom  water 
taken  at  the  surface  was  purer.    • 

It  is  very  remarkable  that  the  air  in  the  bladder «{ 
fishes,  taken  near  the  surface,  should  he  almost  pan 
azote.  Bilt  this  holds  also  with  respect  to  fresh  wskr 
fish.  Thus  Biot  found  the  air  in  the  air  bladder  of  s 
carp  to  contain  0*03  of  oxygen,  while  that  of  a  tnck 
contained  0*10  >  and  Geoffrey  and  Vauqaelin  fbmidtk 
air  in  the  air-bladder  of  pikes,  loaches,  and  percho^a 
contain  0*05  of  oxygen.  Humboldt  likewise  tml 
very  little  oxygen  in  the  air  bladder  of  the 
electricus. 


SECT.    XXIV. 


OF  SWXAT. 


A  <U7ANTIT7  of  matter  is  constantly  emitted  firaa  Ik 
skin;  this  matter  is  invisible,  and  is  distingtiishcdbj  Ik 
name  of  penf^iration.  Several  experiments  were  utk 
by  Lavoisier  and  Seguin  to  ascertain  its  amount  lb 
Cruickshanks  *  made  numerous  trials  to  dctenaioek 
nature,  and  it  has  been  lately  subjected  to  a 
examination  by  Thenard  f. 


•  Cruickshank»  wi  ImtemikU  P^rsphmthm. 
t  An:  4e  Cbiau  lis.  a6j. 


SWEAT. 
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l«  Mr  Cruickslianks  put  his  band  into  a  glass  iressel^ 
iod  luted  its  mouth  at  his  wrist  by  means  of  a  bladder. 
Hie  interior  surface  of  the  vessel  became  gradually  dim^ 
ind  drops  of  water  trickled  down.  By  keeping  his 
hand  iu  this  manner  for  an  hour,  he  collected  30  grains 
>f  a  liquid,  which  possessed  all  the  properties  of  pure 
ivater  *•  On  repeating  the  same  experiment  at  nine  ia 
^bevelling  (thermometer  02**),  he  collected  oolj  12 
^uns.     The  mean  of  these  is  21  grains.     But  as  the 

Ris  more  exposed  than  the  trunk  of  the  body,  it 
asonable  to  suppose  that  the  perspiratioo  from 
greater  than  that  from  the  hand.  Let  us  there* 
bre  take  30  grains  per  hour  as  the  mean ;  and  let  us 
ittDpose,  with  Mr  Cruickshanks^  that  the  hand  is  ^'^^th 
■lie  surface  of  the  body  :  The  perspiration  in  an  hour 
ivould  amount  to  1880  grains,  and  in  24  hours  to  43 j 200 
grainsi  or  seven  pounds  six  ounces  troy.  This  is  al- 
post  double  of  the  quantity  ascertained   by  Lavoisier 

PI  Seguin.    Hence  we  may  conclude  that  more  matter 
perspired   through  the  hand  than  the  other  parts  of 
L  body,  provided  Mr  Cruickshanks*s  estimate  of  the 
between  the  surface  of  the  hand  and  body  be  not 
dus< 
;  repeated  the  experiment  again  after  hard  exercise^ 
collected  in  an  hour  48  grains  of  water  f.      He 
I  also^  that  this  aqueous  vapour  pervaded  his  stock- 
ithout  diiHculty  ;  and  that  it  made  its  way  through 
ftmoy  leather  glove^  and  even  through  a  leather  boot, 
3 ugh  ia  a  much  smaller  quantity  than  when  the  leg 
rd  that  covering  %. 


Chap.  H 
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urine  footid  that  air  which  had  retnaified  for  some  time  ,Chap>ll> 
in  contact  with  the  flkin  consisted  almost  entirely  of  car* 
bonic  acid  gas  •.  The  same  conclusion  may  be  drawn 
from  the  experiments  of  Ingenhousz  and  Milly  f  *  Trous- 
set  has  lately  observed  that  air  was  separated  copiously 
from  a  patient  of  his  while  bathing  t* 
mjM  Now  it  is  evident  that  the  carbonic  acid  gas  which 
^Kipeared  during  Mr  Cruickshanks*s  experiment  did  not 
^Brevtously  exist  in  the  glass  vessel ;  consequently  it 
f^Binst  have  cither  been  transmitted  ready  formed  through 
the  skin^  or  formed  during  the  experiment  by  the  ab* 
sorption  of  oxygen  gas,  and  the  consequent  emission  of 
carbonic  acid  gas*  The  experiments  of  Mr  J  urine  do 
not  allow  us  to  suppose  the  first  of  these  to  be  true  i 
for  he  found  that  the  quantity  of  air  allowed  to  remain 
in  contact  with  the  skin  did  not  increase.  Consequentlj 
the  appearance  of  the  carbonic  acid  gas  must  be  owing 
cither  to  the  emission  of  carboni  which  forms  carbonic 
acid  gas  by  combining  with  the  oxygen  gas  of  the  aifi 
or  to  the  absorption  of  oxygen  gas,  and  the  subsequent 
emission  of  carbonic  acid  gas  ;  precisely  in  the  same 
manner »  and  for  the  same  reason,  that  these  substances 
are  emitted  by  the  lungs.  The  last  is  the  more  probabk 
opinion  ;  but  the  experiments  hitherto  made  do  not  en- 
kle  us  to  decide* 

^.  Besides  water  and  carbon,  or  carbonic  acid  gas,  the  |.  An  oUjf 
in  emits  also  a  particular  odorous  substance*     That 
animal  has  a  peculiar  smell,  is  well  known  :  the 
g  can  discover  his  master^  and  even  trace  him  to  a 
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wore  clean  flanQcLwaistcoats  next  their  skin  for  ten 
dajs ;  the  waistcoats  had  been  first  washed  with  soap, 
then  in  pure  watery  then  in  water  acidulated  with  ma- 
rtatic  acid,  and  lastly  in  a  great  quantity  of  pure  water* 
He  steeped  the  waistcoats  ia  hot  distilled  water,  and 
thus  separated  from  them  the  perspired  matter.  The 
liquid  was  put  into  a  retort,  and  concentrated  to  the  con* 
aistence  of  a  sjrup.  The  liquid  which  came  over  had 
ai  disagreeable  smelly  and  reddened  infusion  of  litmus. 
Kept  in  an  open  vessel  it  retained  its  transparency,  but 
lost  its  odour.  The  residue  in  the  retort  had  no  smell. 
Il  was  strongly  acid,  and  tasted  distinctly  of  common 
^h,  while  at  the  same  time  an  acrid  and  hot  fiavotir 
could  be  distingnished.  When  evaporated  to  dryness 
mod  strongly  heated,  the  acid  which  it  contained  was 
dC&sipated  or  destroyed,  and  the  residue  consisted  of 
common  salt,  charcoal,  and  minute  traces  of  phosphate 
of  lime,  and  oxide  of  iron*  The  same  destruction  of 
the  acid  took  place  if  it  was  previously  saturated  with 
potash  before  it  was  heated  to  redness,  and  in  that  case 
be  potash  was  converted  into  a  carbonate.  When  sa* 
{rated  with  an  alkali,  and  distilled  along  with  phos* 
ic  acid,  it  yielded  an  acid  which  possessed  all  the 
baracters  of  the  acetic  *. 

5.  The  small  qoantitj  of  animal  matter  which  The- 
ard  found  in  the  perspired  matter,  possessed  characters 
rbich  induced  him  to  consider  it  as  similar  to  gelatine 
its  nature. 

Fourcroy  and  Vauquelin  have  ascertained  that  the 
at f  which  collects  on  the  skins  of  horses  consists  chief* 
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Ij  of  phoipbfttc  of  limt,  and  urea  is  ctcii 
mixed  with  it. 

Such  irc  the  consiiiVLeni^ o(fierffiir£dm4Uiwr.  TluMi|^ 
the  sweftt  has  not  been  dirccUj  aoiiljnrd^  there  iin«i^ 
reason  to  believe  that  it  is  composed  oi  atoiilar  eooiti*' 
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No  enimal  sabfttsnce  has  attracted  more  ailecuioii  ikm 
urine^  both  on  account  of  its  supposed  conneciioa  mik 
vsrioui  diseaKSy  ^nd  on  account  of  ibe  v^ry  stagidir 
products  which  have  been  obtained  from  ii«  Mr  Be|l% 
and  the  other  chemists  who  were  his  C01ltem|l0lllii^ 
were  induced  to  attend  particularly  to  tliia  liquid,  bf 
the  discovery  of  a  method  of  obtaining  phcrspborusfraii 
it*  fioerhaavcy  Hallcr,  Haupt,  Margraff,  Pott,  ReoeUe^ 
Proustp  and  KUproth^  successively  improved  the  lae^ 
thod  of  obtaining  the  phosphoric  salts  from  tirine,  or 
added  something  to  our  l^nowledge  of  the  compcnan 
parts  of  these  sahs.  Scheele  added  greatly  la  oar  koow« 
ledge  of  urine  by  detecting  se^'cral  new  sub^taaccs  is  it 
which  had  not  been  suspected*  Cruickslianka  baagiTss 
us  a  very  valuable  paper  on  urine  in  Ibc  sceond  cdw 
tion  of  RqUo^j  Diabetes,  Fourcroy  and  Viiuqtseliii  h«?e 
lately  published  a  very  complete  analyala  of  it  i  sad 
Mr  Proust  has  published  another^  no  lc&%  ingeaio«% 


m  whicb  h«  pcHnts  out  Uie  c&islitoce  of  tcvtrai  mk^  .  ^^^v^  1 
suocea  ufaich  had  beeo  overlooked  bjr  otb^r  cb^micmi 
]»hilosopbers. 

Frrsh  arinc  difi«r»  coosidcra^bly  ia  its  app^iraace  ao«*  Praprnkn 
eordiog  to  ibc  Matt  of  the  pevson  and  the  time  U 
wJlifb  it  ii  voided.  In  gcgicrai^  healthy  urine  is  H 
fefifliparetit  liquid  of  a  lighl  amber  colour,  an  aromatic 
odour  re^eoabling  that  of  vtoleht|  and  a  disagreeable 
Utter  la&tCi  lis  specific  gravity  varies,  according  to 
Mr  Cruickshankf,  from  I'OOS  to  1'033.  Whea  it 
cools,  the  aromatic  &meU  leaves  ii^  and  is  succeeded  by 
soother,  well  kaowa  by  tbe  iiame  of  winou4  smtii». 
This  smell  is  succeeded  in  two  or  three  days  by  aa. 
other,  which  has  a  considerable  retemblance  to  that  of 
sour  milk.  This  smell  gradually  disappears  in  its  tuni, 
(and  is  succeeded  by  a  fetid  alkaline  odour. 

1,  Urine  reddens  paper  stained  with  mrnsole  and 
with  tbe  juice  of  radiihes,  and  therefore  contains  an 
add*  This  acid  has  been  generally  considered  as  the 
pkospbortc  ;  but  Thenard  baa  shown  that  it  is  m  raaU^ 

f^e  acetic  *• 
^S.  If  a  solution  of  ammonia  be  poured  inio  fresh  rKo«phatc 
Bmer  awhile  powder  precipitates,  Mhich  has  the  pro* 
|MWa  nf  pbotptialt  ol  Ume.  The  presence  of  this  sub* 
Ittttct  tin  imoe  was  lint  discovered  by  Scheele  f .  The 
phosphate  of  lime  ia  obviously  kept  in  solution  by  the 
aoetic  acid.  Scheele  affirms  that  it  is  most  abundant  ia 
the  urine  of  the  sick.  BerthoUet  has  observed,  that 
the  nrine  of  gouty  people  is  more  acid  than  that  of  peo- 
ple in  perfect  health.     The  average  quantity  of  phos* 
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phate  of  lime  in  health  j  urine  h,  ms  Crakkiliiiikt  Im 
ascerUinedy  about  ^^  of  the  imght  of  the  Dnoc  •- 

3,  If  the  phosphate  of  Hme  prrectpiiaiisd  fromvii 
be  examined,  a  little  mag;netta  will  be  fo<«siid  mil 
with  it.    Fourcro3r  and  Vauquelin  ha^re  aseetlstaed  d 
Ibis  is  owing  to  a  little  photphate  of  magiieita  wlUk 
urine  contains,  and  which  is  deoompos^  bj  the  slbE 
or  lime  employed  to  precipitate  the  phosphate  of  Uwmi, 

4*  Proust  informs  us  that  carbonic  acid  esatfi  ii 
ttriae,  and  that  its  separadoa  occasions  the  (rrkh  whid 
appears  during  the  evaporation  of  urioe  t*  Foann^ 
and  VauqueHn,  on  the  other  hand,  coos ider  tliit  maim 
formed  during  the  evaporation  bj  the  decompotttiMrf 
the  urea.  The  observations  of  Proual  coafina  <fc 
that  had  been  made  by  Priestley  and  Pcrdval, 

5.  Proust  has  observed^  that  urine  kept  io  oem&Jb 
deposites  small  crystals  which  effloresce  in  tiMaiiail 
fall  to  powder*  Tliesc  crystals  possess  the  piupg^a 
of  carbonate  of  lime  §,  Hence  we  must  coochritlla 
arinc  contains  carbonate  of  lime  }  a  ▼erir  cjclnarin 
fact,  if  we  reflect  that  acetic  acid  is  also  preacat, 

6.  When  freth  urine  cools,  it  often  lets  hit  a  hni. 
eoloured  precipitate^  which  Schcele  Br^t  ascertaiada 
be  crystals  of  uric  acid.  All  urine  conraina  tliia  aai^ 
even  when  no  sensible  precipitate  appears  i/^hen  k  oik 
For^  if  a  suillcicnt  quantity  of  clear  and  ff^bariaak 
evaporated  to  ^^  of  its  weight,  a  subtle  powder  p»^ 
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bipiUtet  to  the  bottom,  and  attaches  itself  in  part  rtrj  Chapbnd 
Snnly  to  the  vesteL  This  part  may  be  dissolired  in 
pore  alkali,  and  precipitsited  again  hy  acetic  add.  It 
bxhtbits  all  the  properties  of  uric  acid  *,  The  fact  is, 
Ibat  the  precipitate  which  usually  falls  when  arine 
bools  consists  chiefly  of  phosphate  of  lime  and  uric  acid. 
It  may  be  dissolved  in  diluted  nitric  acid.  If  the  soku 
Uon  be  heated  and  evaporated  to  dryness^  it  assumes  a 
Boc  rose  colour  if  uric  acid  be  present  f.  The  propor- 
tion of  uric  add  varies  considerably  in  urine.  It  crys* 
lallizes  in  small  red  prisms,  partly  on  the  surface,  if 
limine  be  mixed  with  some  nitric  acid,  and  left  exposed 
Hpfae  air.  Indeed,  from  the  late  ingenious  experiments 
iPDr  £gan,  we  learn  that  all  acids  when  mixed  with 

EC  throw  down  uric  acid  in  crystals  J, 
I  During  intermittent  fcvera,  and  especially  during    Rc»cl& 
ascs  of  the  liver,  a  copious  sediment  of  a  brick  red   * 
i|ibur  is  deposited  from  urine.    This  sediment  contains 
^Prosacic  acid  of  Proust. 

►  S*  If  fresh  urine  be  et;iporated  to  the  consistence  of  B^nzalc 
a  syrup,  and  muriatic  acid  be  then  poured  into  it,  a  pre-  *°*^» 
iitate  appears  which  possesses  the  properties  of  bcn- 
^  aetd«  Scheele  first  discovered  the  presence  of  ben* 
add  in  urine.  He  evaporated  it  to  dryness,  sepa* 
I  the  saline  part,  and  applied  heat  to  the  residuum. 
!  bemcoic  add  was  sublimed,  and  found  cry  st alii  ted 
receiver.  The  above  method  was  6rst  proposed 
Fourcroy  and  VauquelinJ.  By  it  very  consider- 
able quantities  of  benzoic  acid  may  be  obtained  from  the 
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ortfie  of  honet  %nA  cowi^  where  il  it  nnidi 
abLUidant  than  in  bonuui  usise*     In  human  ariae  tifv 
rics  from  r^nn?  *^  nri^T*  of  the  whole  •.     PrMHii 
(irmi  that  the  acid  obtatticd  by  Scheele^a  ptoocm  b 
the  bcnsvoic,  but  another  posscMcd  of  simiUr  pvofpm* 
ties ;  but  dtfiering  in  this  eirtumitaiiciey  that  yiirk  Mt 
ApBDiapotei  it,  whereat  it  only  whitena  benmoic  wmif^ 
•  #*i'Wbeii  an  infuiion  of  tanaiti  is  dropi  into 
white  precipitate  appears,  having  the  propertiea  ef  ifti 
combiciatioii  of  taonin  and  albumeti,  or  geiatifie.  Uqm^ 
~AIbttitiea      therefore,  coniato$  albumen  or  getstine.     Theac 
ladgeb^       Stances  had  been  suspected  to  be  ici  urine,  blllthtfr|l^ 
sence  waa  first  demonstrated  bjr  Seguioi  who  diicovwii 
the  above  method  of  detecting  them*     Their  qtuai^ 
in  healthy  urioe  is  very  small,  often  indeed  not 
Ue.     Cmickthanks  found  that  the  prmpitate 
by  tannin  in  healthy  urine  amounted  to  rndi  put  4 
the  weight  of   the  urine  t*     h  ii  to  these  mbstMOi 
that  the  appearance  of  the  cloudy  as  it  it  called^  or  III 
mucilaginous  matter,  whteh  is  lom^tiocs  ttrpsiWa 
llie  urine  cools,  is  owing*     In  many  disemiea  the  f«^ 
lity  of  these  matters  is  yety  much   incfeased,    Tit 
urioe  of  dropsical  people  often  contains  so  mu>distt» 
men,  that  it  coagulates  not  only  on  tha  additioail 
aeids,   but  even  on  the  application  of  hcat$.    b  J 
c^es  of  impaired  digestion,  the  aibumiiiOQa  psn  4 
uriae  is  much  increased.     This  forms  one  of  the  SMS 
eoospicuous    and   important  distinetions  between  lit 
urine  of  those  who  enjoy  good  and  bad  health  Kf 
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JO.  If  urine  be  craporAtcd  by  a  slow  fire  to  the  eon*  Chip^O.^ 
iaience  of  a  tbick  syrup^  it  a&sumes  a  deep  brown  €o«  Vrza, 
lur^  and  exhales  a  fciid  ammoniacal  odour.  When  aU 
wed  to  cooit  ii  concretes  into  a  mass  of  crystals^  oom- 
Med  of  idl  the  component  parts  of  urine«  If  four 
m^%  its  weight  of  alcohol  be  poured  upon  thtt  laasa, 
.  intervals,  and  a  slight  heat  be  applied^  the  greatest 
fftit  of  it  is  dissolved.  The  alcohol,  which  has  acqui* 
A  a  brown  colour,  is  to  be  decanted  off»  and  disiiUed 
vtt  retort  in  a  sand  heat,  till  the  mixture  has  boiled  for 
mc  lime,  and  acquired  the  consistence  of  a  syrup.  By 
bii  time  the  whole  of  the  alcohol  has  passed  off,  and 
matter,  on  cooling,  crystallizes  in  quadrangular 
ilales  which  intersect  each  other.  This  substance  is 
'sa,  which  composes  x^  of  the  urine,  provided  the 
itery  part  be  excluded.  To  this  substance  the  taste 
nd  smell  of  urine  are  owing.  It  is  a  substance  which 
iiaracteri^s  urine,  and  constitutes  it  what  it  is,  and  to 
ibicb  the  greater  part  of  the  very  singular  phenomena 
*  urine  are  to  be  ascribed. 
T"  ^ly  be  detected  by  evaporating  urine  to  the  con- 
of  a  syrup,  and  pouring  into  it  concentrated  ni» 
ftcid.  Immediately  a  great  number  of  white  shin- 
crystals  appear  in  the  form  of  platei^  very  much 
mbling  crystallized  boracic  add.  These  crystals 
urea  combined  with  nitric  acid. 
Tbe  quantity  of  urea  varies  exceedingly  in  different 
In  the  urine  voided  soon  after  a  meal,  very 
of  it  is  to  be  found,  and  scarcely  any  at  all  in  that 
itch  hysterical  patients  void  during  a  paroxysm. 
11,  According  to  Fourcroy  and  Vauquelin,  the  co-   „^^ 

of  urine  depends  upon  the  urea :  the  greater  the 
oportion  of  urea^  the  deeper  the  colour.    But  Proust 
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hts  detected  a  rtsinous  mittcr  in  urine,  riinilir  le  ti» 
resin  of  bile  ;  and  to  this  substtnce  be  iscribef  ik  a. 
lour  of  urine.     If  urine,  eviponted  to  the  rmiiiilrn 
of  an  extra ct«  be  mixed  with  aulphurtc  acidudA* 
tilled^  this  renin,  he  infomis  us,  separates  during  lhe& 
tillition.     What  is  first  obtained  is  aoft^  boi  %U 
pfiCCiBBs  are  in  a  state  of  a  dnr   powder*     The 
•iiMlee  and  colour  of  this  re^irt  reisemble  castof ;  it  a 
ytrj  soluble  in  ^Icohol^  and  precipitated  frtim  tts 
tton  by  water :  but  it  is  also  soluble  m   water ;  «| 
-^  "^   **inf  to  Proust,  is  the  rcsm  of  bile,  somewhiJ 
>7  its  passage  through  the  urioarjf  orgtfti  •» 
12.  If  urine  be  slowly  evttporateil  to  the 
of  a  ijrup,  a  number  of  crystils  ifiake  their  ap{ 
on  Its  surface  ;  ihcte  possess  the  propen ies  of 
of  soda*     Urine  therefore  containt  tnuriate  of  to^  k 
it  well  known  thftt  muriate  of  soda  crystaitizestncibcf) 
but  when  obtained  from  uriti    *    *         *       form  of 
hedrons.     This  singular  nioc:  :  rs  fur®  it  9V» 

ifig  to  the  action  of  urea  f «  It  haa  beea  kmg 
that  urine  saturated  with  muriate  of  iodm  depoiilcste 
salt  in  rcgnUr  octahedrons* 
phmf>hire4  ]  3.  The  sdine  residuutn  whidi  reinamf  after  il*l»> 
anti  of  *udM,  paration  of  urea  from  crystallrzed  urine  by  tneans  df  lb 
cohol  has  been  long  ktiown  by  ihc  names  of  /s/iMflll 
of  unfit  and  mtWoccsmt  tali.  Various  methods  cl^ 
taining  li  have  been  ^tven  by  chemists,  from  Botrhai^ 
who  fir^t  published  a  process,  to  Kouelle  and  Chttdi^ 
who  gare  the  method  just  mentioaed.  If  tki 
mass  be  dissolved  in  a  suftlcient  tjUAntity  of  hot 
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allowed  to  crystalline  spontaaeousljr  m  a  close  ves*  Chi^.  u. 
I,  two  sets  of  crystals  are  gradually  deposited.  The 
wermost  set  has  the  tigure  of  Eat  rhombodial  prisms ; 
uppermost,  on  the  coatrary,  has  the  form  of  rectan* 
r  tables.  These  two  may  be  easily  separated  by 
sing  them  for  some  time  to  a  dry  atmosphere.  The 
gular  tables  efBoresce  and  fall  to  powder,  bal  the 
iomboidal  prisms  remain  unaltered. 
When  these  salts  are  examined,  they  are  found  to 
ve  the  properties  of  phosphates.  The  rbomboidal 
visms  consist  of  phosphate  of  ammonia  united  to  a  little 
phosphate  of  soda  ;  the  rectangular  tablef»  on  the  coa- 
ry,  are  phosphate  of  soda  united  to  a  small  quantity 
if  phosphate  of  ammonia.  Urine,  then,  contains  phos* 
ihate  of  soda  and  phosphate  of  ammonia. 

14.  When  urine  is  cautiously  evaporated,  a  few  cu-    ^f^rbte  of 
[Q  crystals  are  often  deposited  among  the  other  salts  j    ammtmia, 
lese  crystals  have  the  properties  of  muriate  of  ammo« 
b«     Now  the  usual  form  of  the  crystals  of  muriate  of 
Kiincmia  is  the  octahedron.    The  change  of  its  form  in 

irine  is  produced  also  by  urea.  This  salt  is  obtained 
Q  greater  abundance  when  the  crystals  of  urea  obtained 
tm  the  alcohol  solutioo  ate  distilled  ^. 

15.  When  uriae  h  boiled  in  a  silver  basin,  itblack- 
I  the  basin  ^  and  if  the  quantity  of  urine  be  large, 
All  crusts  of  sulphuret  of  silver  may  be  detached. 

iecice  we  see  that  urine  contains  sulphur.  This  suU 
ibur  exhales  along  with  the  carbonic  acid  when  the 
jrioc  putrefies ;    for  the  fumes  which  separate  frota 
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urine  in  thtt  state  bUcken  paper  stuincd  wifh  iefttli«f 
leadV 

Urine,  theni  contains  the  following  ffabfUaeeit 
1.  Water  10.  Albumen 

2*  Acette  acid  11,  Urea 

3«  Photphate  of  lime  22.  Retin 

4.  Phosphate  of  magnesia    13,   Moriate  of  »oda 

14.  Phofpttate  of  aodt 


15*  Phoaphale  of  aimiMia 
IQ.  Muriate  of  ammoini 
17.  Sulphur. 


5.  Carbonic  acid 

6.  Carbonate  of  lime 
7*  Uric  acid 
8.  Roiacic  acid 
p.  Beni^oic  acid 

Theae  are  ttie  only  subtdrncet  which  are  conituitlj 
found  ia  healfhy  orinc  +  ;  but  it  contains  also 
ally  other  tubstance?.  Very  often  tnariate  of 
may  be  distinguished  among  the  oyatali  avliich  fan 
during  its  evaporation.  Tlie  presence  of  this  nil  ntj 
always  be  detected  by  dropping  cautiously  iomenflarit 
acid  into  urine*  If  it  contains  ixiuriate  of  potaalf  llai 
will  precipitate  a  little  tartar^  which  may  eaaily  hem 
cognised  by  its  properties  {; 

Urine  sometimes  also  contains  sulphate  of  loda,  ail 
even  sulphate  of  lime.  The  presence  of  these  salts  aif 
be  ascertained  by  pouring  totourinea  sotutioaof  iBttir 
ate  of  barytcs ;  a  copious  white  precipitate  appean^coa* 
fti sting  of  the  barytes  combined  witb  phospbefic  atii, 
and  with  sulphuric  acid,  if  any  be  present.  Tlmjt^ 
cipitate  must  be  treated  with  a  sufficient  tpsmJSf^ 
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lariatic  acid.     The  phosphate  of  barjtes  is  dissolved^ 
f  the  sulphate  of  barytes  remains  unaltered  *• 


it' 

^^fo  substance  putrefies  sooner^  or  exhales  a  more  de-  Putrcf»c- 
tmtable  odoufp  during  its  spontaneous  decomposition,  uritic. 
]Awa  urine  i  but  there  is  a  vtrj  great  diSerence  in  this 
[retpect  in  diffencnt  urines.  In  some,  putrefaction  takes 
pec  almost  instantaneously  as  soon  as  it  is  voided  ;  in 
rs,  scarcely  any  change  appears  for  a  number  of 
Fourcroy  and  Vaaquelin  have  ascertained  that 
[  difference  depends  on  the  quantity  of  gelatine  and 
amen  which  urine  contains.  When  there  is  very 
I  of  these  substances  present^  urine  remains  long  un- 
ianged;  on  the  contrary,  the  greater  the  quantity  of 
jjgelatine  or  albumen p  the  sooner  does  putrefaction  com- 
^gpcDCC.  The  putrefaction  of  urine,  tlierefore,  is  in  some 
^bree  the  test  of  the  health  of  the  person  who  has 
Hmded  it:  for  a  superabundance  of  gelatine  in  urine  a1- 
l^ways  indicates  some  defect  in  the  power  of  digestion  f . 
I  The  rapid  putrefaction  of  urine,  then,  is  owing  to 
^ihe  action  of  gelatine  on  urea.  We  have  seen  already 
the  facility  with  which  that  singular  substance  is  de- 
icomposed,  and  that  the  new  products  into  which  it  is 
^hpged  are,  ammonia,  carbonic  acid,  and  acetic  acid. 
Accordingly,  the  putrefaction  of  urine  is  announced  by 
^ammoniacal  smell*  Mucilaginous  flakes  are  deposi. 
consisting  of  part  of  the  gelatinous  matter*  The 
[^horic  acid  is  saturated  with  ammonia,  and  the 
sphateof  lime,  in  consequence,  is  precipitated.  Am- 
ftia  combines  with  the  phosphate  of  magnesia,  forms 
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tie  acids  contained  in  uriat  are  saturated  wttli  atamooui* 
bnd  the  gelatine  aticl  phosphate  of  iinie  precipttate  ^. 
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UCH  are  the  properties  of  humaa  mine  in  a  state  of  Change  in 
th:    Bat   this  excretion  ts  singulariy  modified  by  cue, 
laeaae  j  and  the  changes  to  wlilob  it  ia  liable  have  at^ 
acted  the  atteDtton  of  physicians  in  all  sges^  because 
y  serve  in  soitie  measitre  to  itidicatc  the  slate  of  the 
ilenl^  and  the  progress  of  the  disease  under  which  he 
I   The  folbwing  are  the  most  remarkable,  of 
changei  that  have  beqn  observed  f» 
X,  la  itifiammat^rjt  dl^asea  Uic  urine  U  of  a  rod  co*  influnott* 
lOf,  and  peculiarly  acrid  5  it  deposites  no  sedimofiC  09  '**^ 

dingy  but  with  oxy muriate  of  mercury  it  ytotds  a 
pious  precipitaie. 

g.  During  Jaundice  the  urine  baa  an  orange  yellow   jaundice, 
polour;  and  communicates  the  lanie  tint  tolir^ela*    Mur 
;riatic  acid  renders  this  urine  green,  and  thus  detects  iht 
ifc^KOce  of  a  little  bile#  *       >  t 

From  the  experiments  of  Fourcroy  and  Vauqueliiii 
t  kam  tb^t  urine  &ometiinQs  m  ihe&e  ca$«^  ootrtaiJis  a 
^bstaace  aaalogous  to  i)]^  jftlU^  acid  which  they 
formed  by  the  action  of  nitric  acid  on  oiuscaibtr  fibneat* 

S,  Ablaut  the  end  of  Vil^/W^fz/oO^  diseaa^  thfc  Ufine  EnS^tilm^ 
becomes  abundant,  and  depo&ites  a  copioua  pink-cotomi 
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«d  aedtmeut,  com|>o:iM;d  of  rotadk  acid»  a  little  plM^ 
phite  of  lime,  and  uric  ^id* 

4<  During  hysterical  paroxysms  the  urine  usually   Hyitcria. 


\  Btt  Crukkihankit  Pit  it  M*ig.  tL  240<;  and  Foitrcroy*  x»  i^. 

I  e^ii.  ^%.  iiiii.  3J*.  .  , 
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anJmah  differs  considerably  from   ,^*P^\ 
yi  maD*     For  the  analysis  of  the  urine  of  quadru*    Urlncofm^ 
hitherto  made,  we  arc  chiefly  indebted  to  Rouclle   ^^J^  **"* 
tr*     The  following  facts  have  been  ascertained  by 
cbemistf  and  by  the  late  experiments  of  Fourcroy 
i^auquelin,  Brande^  and  ChevreuL 

The  arine  of  the  hORSK  has  a  peculiar  odour :  af-  Tljel>«"^ 
Kercise  it  is  emiibed  thick  and  milky  ;  at  other 
\  it  IS  transparent,  but  becomes  muddy  soon  after 
Dission.  When  exposed  to  the  air,  its  surface  bt*. 
|Lcovered  with  a  crust  of  carbonate  of  limei  It 
Pa  green  colour  to  syrup  of  violets,  and  has  the 
Itence  of  mucilage.  The  following  arc  its  consti- 
as  estimated  by  Fourcroy  and  Vaoquclin  fiom 
jtperiments  : 

Carbonate  of  lime  ••••••  *  0*01 1 

Carbonate  of  soda O'OOd 

fienxoate  of  soda 0*024 

Muriate  of  potash 0*009 

Urea O'OOl 

Water  and  mucilage  . .  •  •  .  0*940 

I'OOO* 

i  urtne  of  the  horse  has  been  lately  analysed  by 
ande.     Tlie  salts  which  it  contains  are,  according 
the  foUowing  : 


Utinc  by  Nicola?,  Amt.  di  Chim,  iliv.  3^.  -,  die  analfsia  of 
'%  iiTLOc  by  Sorg  (Gchlc&*i  Avr.  Vi,  9.),  ft&d  by  Dupuytreo  »Dd 
rd  (^fi.  it  Ckim.Xxt.  41.) 

Si  8 
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•^'    '  .  Carbonate  of  ILme 

Carbonate  of  soda 

Sulphate  of  soda 

Muriate  of  soda 

BcQzoate  of  soda 

Phosphate  of  lime 
These  saline  substances  amount  tc  a^oct  Jthofik 
nrinc  *.  The  urine  of  |he  horse  has  b«ea  rtcentlj  nk 
jecte^  to  a  new  examination  bj  Chevrea!  ezpresiljii 
ascertain  whether  it  contained  phospute  of  lime  ^ 
flounced  in  it  by  Brande.  His  csperimciits  conEnsed 
•tho^  pf  .Fourcrcj  and  Vauquclin.  The  urine  jieUad 
.BO  traces  of  phosphate  of  lime  ;  bat  it  coataincd  fluj. 
nesia  and  sulphate  of  potash,  neither  of  which  saktu- 
ces  had  been  observed  by  Mr  Brande  f  • 

From  the  late  experiments  of  Mr  Giese,  we  learn  Ad 
the  quantify  of  benzoate  of  soda  varies  coosiderablr  in 
the  urine  of  horses.  In  some  specimens  he  found  it  ii 
abundance,  and  easily  precipitated  by  muriatic  acid.  la 
others  there  was  little  or  none.  He  could  detect  bo 
benzoic  acid  in  the  food  of  horses.  Hence  he  consi- 
tiers  it  as  formed  within  the  animal,  and  he  thiakitfai: 
it  appears  only  in  cases  of  disease  f. 
Iheait.  J  ll»  The  urine  of  the  ass  was  likewise  examined  bj 
Mr  Brande*  It  is  transparent,  but  muczlaginoas.  I: 
gives  a  green  colour  to  syrup  of  violets,  biit  no  carbea- 
ate  of  lime  is  deposited  from  it  on  standing.  It  contiini» 
according  to  Brande,  urea,  more  phosphate  of  limetbu 
the  urine  of  the  horse,  carbonate  of  soda,  sulphate  of 


•  Aim.  deChim,  livii.  276*  f    Ibid.  3OJ, 
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^^fBQtfste  or§ddi«  aad  pr&babl j"  miiikie  of  potaik^ 
tf  contains  fio  ammonia  ** 

II!*  The  orin©  cf  the  cow  has  a  strong  resemblance 
10  chat  of  the  hofie  »  it  has  nearly  the  same  odour,  aad 
iht  same  mucilaginous  consistence*  It  tinges  sjrup  o£ 
violets  green^  knd  deposttes  a  g-elatinous  matter*  Oa 
^tmndingy  small  crj&utU  are  fortntd  oa  iti  surface..  It 
icODtains,  according  to  Rouelle^ 

1.  Carbonate  of  potaih         4.  Benxoicmcid 
2*  Sulphate  of  potash  5.  Urea« 

3.  Murime  of  potash 
The  urine  of  the  cow  haa  been  recentljr  examined  by 
>  Brande,      He  found  it  composed  of  the  foliowing 
constituents : 

Water , 65 

phosphate  of  lime  .  • 3 

Muriate  of  potash      1 

Muriato  of  ammo&ia  J    "  ' '      ' '   * 

Sulphate  of  potasb  .  • •  «  •  #  1  6 

Carbonate  of  potash  '> 
Carb*  of  ammonia      > 

Urea  ,» 4 

I^oss*.« ,.. 3 


Cbvp*  II, 


The< 


100 

iHe  obtained  from  it  likewise  a  quantity  of  benzoic 
M^dt  but  conceives  that  this  acid  was  formed  doringthe 
iroccssf. 

IV.  The  urine  of  the  camel  was  also  cxaminrt  by  Th«  camcL 
loucUe.     Its  odour  resembles  that  of  the  urine  of  the 


#  Jmm,  dt  Chim,  UtS^  %ff* 
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Book  V.  COW  ;  its  colour  it  that  of  hcer ;  it  is  not  mncilapMii, 
and  does  not  dcposite  carbonate  of  lime.  It  gives  a  grca 
colour  to  syrup  of  violets,  and  effenreaces  with  adii 
like  the  urine  of  the  horse  and  cow.  Rouelle  dbliiiri 
from  it, 

1.  Carbonate  of  potash         9.  Murialc  of  potadh 

2.  Sulphate  of  potash  4.  Urea 
This  urine  has  been  recently    examined  bj  Vr 

Brande  *•    He  obtained  from  it  the  following 

ces  : 

Water '•  75 

Phosphate  of  lime     1 
Muriate  of  ammonia  I 

Sulphate  of  potash      > •    ^ 

Urate  of  potash  .I 
Carbonate  of  potash   J 

Muriate  of  potash  ••••« 8  ' 

Urea • «.  o 

Lott 5 

100 

Chevreul  subjected  the  urine  of  the  camel  to  a  rigil 
esamination,  on  purpose  to  ascertain  whether  it  reallj 
contained  the  phosphate  of  lime  announced  as  a  coosiitiu 
ent  of  it  by  Mr  Brande.  He  could  detect  none  of  it 
whatever,  but  separated  from  the  urine  of  the  canxl  Ad 
following  substances : 

Albumen 

Carbonate  of  lime 

Carbonate  of  magnesia 


•  if ««.  W!r  dim,  ItTiL  S^i. 
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Stlica  Cb:ij,.  If. 

Ad  atom  of  sulphate  of  lime 

A  rracc  of  iron 

Carbonate  of  ammonia 
little  muriate  of  potash 

%  little  sulphate  of  soda 

Mucti  iulphatc  of  potash 
jA  Halt  carbonate  of  potash 

Benzoic  acid 

Urea 

A  red  oily  to  ivhicb  the  urioe  owes  its  smell  and  colour. 
The  lait  substance,  the  oiJ,^  seems  tohaye  been  taken 
%f  Brande  for  uric  acid  ** 

V.  The  urioe  of  the  rabbit  has  been  late]/ ana*  Thcrsbbit 
Ijsed  bj  Vauquelin.  When  exposed  to  the  air^  it  be* 
comes  milky,  and  deposttes  carbonate  of  lime.  It  gives 
a  green  colour  to  syrup  of  Tiolets^  and  effervesces  with 
acids.  That  chemist  detected  in  it  the  following  sub- 
aiances  : 

1.  Carbonate  of  Irme  6.  Muriate  of  potash 

2.  Carbonate  of  magnesia      7*  Urea 

3.  Carbonate  of  potash  &.  Gelatine 

4.  Sulphate  of  potash  9.  Sulphur. 
5-  Sulphate  of  lime 
VL  Vauquelin  has  also  naade  some  expexioM^nta  on   The  gabn 

'tfie  uriue  of  the  guinea  fig  ;  from  which  it  appears  ^*^^ 
lliat  it  resembles  the  urine  of  the  other  quadrupeds.     It 
depo&ites  carbonate  of  lime,  gives  a  green  colour  to 
syrup  of  violetSy  and  contains  carbonate  and  muriate  of 
potash^  but  no  phosphate  nor  uric  acidf . 


I  •  jiM*  dt  Chim.  Uvtf.  191. 
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Book  V,^       VII.  From  the  late  experiments  of  Fourcroy  nl 
FowU>  Vauqurlin,  we  learn  that  the  urine  of  domestic  fe»k 

contains  uric  acid  *• 

The  existence  of  that  acid  in  the  urine  of  fowb  va 
called  in  question  bj  Gehlen  ;  bnl  it  hu  been  faUj 
confirmed  by  the  late  experiments  of  Cherrenl  f. 

Thus  it  appears  that  the  urine  of  the  grfaminrroroB 
quadrupeds  agrees  with  the  hum«n  in  cofitrining  sr^ 
but  iiilTers  from  it  materially  in  being  destitute  of  phos- 
phoric add,  phosphates,  and  uric  acid.  Whether  tk 
urine  of  carnivorous  quadrupeds  contains  these  last  nb- 
stances  has  not  been  ascertained,  but  it  is  probthktlfll 
it  docs* 


SECT.  XXIV. 


OF  FECES. 


The  extrementitious  matter  of  animals,  evacuated /<f 
afmm,  consists  of  all  that  part  of  the  food  which  cannot 
be  employed  for  the  purposes  of  nutrition,  considerably 
altered,  at  least  in  part,  and  mixed  or  united  with  van. 
ous  bodies  employed  during  digestion  to  separate  the 


*  Mr,  di  fhyu  L'l.  66.  f  jUm.  ^  ckim,  livii  j:;. 
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ml^ss  parr*  of  the  food  from  the  ntstriiicmf .      An  tc-   ,^^P*^^ 
ciirtte  examination  of  these  matters  has  long  been  wish^ 
td  for  by  physiologists,  as  likely  to  throw  much  new 
ight  on  the  process  of  digestion.     For  if  we  knew  ac- 
cslirttely  the  substances  which  were  taktn  into  the  bodj 

foodi  and  all  the  new  substances  which  were  formed 
by  digestion  j  that  is  to  say,  the  component  parts  of 
cfayle  and  of  excrement,  and  the  variation  which  differ- 
It  kinds  of  food  produce  in  the  excrement,  it  would  be 
very  considerable  step  towards  ascertaining  precisely' 
the  changes  produced  on  food  by  digestion. 

Some  of  the  older  chemists  had  turned  their  atten^ 
ikm  to  the  excrements  of  animals  *  ;  but  no  discoTery 
of  importance  rewarded  them  for  their  disagreeable 
labour,  Vauquelin  has  ascertained  some  curious  facts 
respecting  the  excrementitious  matter  of  fowls.     In  the 

Rtomer  of  180<5,  a  laborious  set  of  experiments  oa 
man  feces  was  published  by  Berxelius,  undertaken, 

he  informs  us,  chiefly  with  a  view  to  elucidate  the 
function  of  digestion  f .  About  two  years  before, 
Thaer  and  Einhof  had  published  a  similar  set  of  expc- 
liments  on  the  excrements  of  c&ttle  ;  made  chiefly  to 
discover,  if  possible,  how  they  act  so  powerfully  at 
manure  t.  I  shall  in  this  Section  give  a  view  of  the 
results  obtained  by  these  diflfcrcnt  chemists* 

I,  The  appearance  of  human  feces  requires  no  par- 
ticular detath  Their  colour  is  supposed  to  depend  up- 
on the  bile  mixed  with  the  food  in  the  alimentary 
caoaL     When  too  light,  tl  is  supposed  to  denote  a  dc- 


tccci^ 


•  Van  He\nioDi\  Cuttti  Irrdntt  SnU  vl—Ofeta  Uttmmt'  p,a47— 
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lV*  ficiencf  of  dUe  j  when  Ioq  dark,  ihere  it  topfioirilo 
be  a  redimdtncy  of  ihit  secfcttoo.  The  tiDell  U  ktd 
aod  peculiar,  which  tftcr  iome  time  grttdumllj  diio|«i 
into  a  &oiirtfth  odour.  The  ttste  if  »wcetiib  Uto. 
The  colour  of  vcgcubU  bloe  iiifu^otift  is  ooc  illoti 
bry  freih  ftcrit  iodicating  the  abteoov  of  mnj  iiiiem»* 
billed  acid  or  alknU  ^* 

1.  The  consistency  of  htimao  feces  varies  coondtSi 
ably  an  different  circum»tatices ;  but  at  a  mediomy  ^ 
may  be  stated  to  lose  tbree*founhs  at  their  iid|jli 
wbcn  dried  upon  a  water  bath  f* 

2.  They  do  nut  mix  resdily  with  watrr  ;  bill  by  bL 
ficicol  agitation  and  maccrationy  ihej  niaj  be  diftttl 
through  it.  The  liquid,  in  this  slate,  being  itflM 
ihrongU  a  linen  cloth^  leaves  a  matter  of  a  gtejiik 
brown  colotiTt  retaining  a  pecttliar  odUmr,  which  adbOB 
lotjg  and  ob&tinately  to  all  those  tub?unces  that  come 
io  contact  with  this  rr&tdue*  When  dried,  tbtt  «k 
Stance  cxhihits  the  remains  of  regetable  matten  oiel 
in  foad»  and  perhaps  also  of  some  animal  matiera.  la 
quantity  amounta  to  about  seven  /rr  emt*  of  At 
feces  {. 

S.  The  strained  liquid  deposited,  on  standing,  a  jA 
lowi&h-grcen  slimy  roattcr>  whicb  wai  separated  hf 
the  fiher.  Jt  amounted  when  dry  to  14  fi^  ««r.  ef 
the  feces  employed.  From  the  numerous  eJcpcrimeBi 
of  Berzrliuft  upon  this  matter,  it  appears  io  be  cM> 
posed  chteHy  of  three  substances  :  1.  A  fatty  wtMft 
separated  by  means  of  alcohol,  which  possesses  mmj 
properties  in  common  with  the  resin  of  bCic,  and  vrhiA 


I  lfei4.  p  51  J. 
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telius  considers  as  that  substance  a  litile  altered* 
2*  A  peculiar  jellow^coloured  substaocep  dissolved  by 
water  after  the  fattj  matter  is  reo>oved.  This  %\ih* 
stance  Beritelius  compares  to  gelatine  ^  but  it  appears 
to  be  rather  more  closely  allied  to  mucus,  or,  at  least, 
to  contain  mucus  as  a  constituent.  It  dissolves  in 
water,  but  not  in  alcohol ;  tannin  makes  its  solutioa 
xnuddy,  but  occasions  oo  precipitate;  acetate  of  lead 
occasions  a  copious  white  precipitate,  but  does  not  de- 
prive the  solution  of  its  yellow  colour.  It  soon  runs 
to  putrefaction,  exhaling  the  odour  of  putrid  urine. 
S.  A  greenish  grey  residue,  insoluble  both  in  water  and 
alcohol,  and  leaving,  when  incinerated,  some  silica  and 
phosphate  of  potash  ^. 

4  .i*  The  liquid  which  passed  ihrough  the  filter  was  at 
first  light  yellow  ^  but  by  exposure  to  the  air  it  became 
brown,  which  gradually  deepened  in  colour,  till  the  so- 
lution grew  at  last  muddy*  When  concentrated  by  eva* 
pcration,  small  transparent  crystals  made  their  appear- 
ance :  which  proved,  on  examination,  to  be  crystals  of 
am monio- phosphate  of  magnesia.  The  solution,  on 
examination,  was  found  to  contain  the  following  sub- 
ttances  :  l.  Albumen,  which  was  obtained  by  mixing 
the  concentrated  solution  with  alcohol.  The  precipi- 
tate consisted  of  a  mixture  of  albumen  and  phosphoric 
aalts.  The  albumen  obtained  from  100  parts  of  feces 
amounted  only  to  0'9  parts.  2.  Bile.  By  this  Berze- 
lius  understood  a  mixture  of  resin  of  bile  and  soda. 
The  presence  of  this  substance  was  infctred  from  the 
xtaturc  of  the  precipitate  obtained  by  acids,  and  the  &alt 
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of  «oda  obttmed  by  evtportting  the  rttidoe*  Hi 
qtiiotitj  contained  in  100  parrs  of  feces  wmi  0*0«  Ji  A 
pcmliat  stib&tance,  of  a  reddish  browfi  eolatif,  ioIbUi 
both  in  water  and  aknhol.  Aeids  give  it  aa  iotftit 
browo  colotir.  A  small  qusntitT  of  lattftln  throvt  h 
ifowti  6f  a  rfd  colour  mnd  ift  i  pulverulent  form  i  ilir|f 
r  V     wi  it  down  in  grejiih    brown   fltkes*    b 

1^  ,  d  bj  muriate  of  tin,  ntir«te  of  nUwtf  a4 
sieefate  of  lead.  When  heated  it  melts  nni  tmu  iki 
smell  of  ammonia.  It  leaTe*  bebitid  it,  when  beni^ 
traces  of  soda  and  of  phosphoric  salts*  Berxeliitftiii^ 
poses  that  thfi  substance  h  formed  from  the  retioaf 
bile,  hf  some  change  i^hich  it  midergoei  after  the  fccs 
mt  exposed  to  the  air.  The  quantity  of  it  obtaiosl 
from  100  parts  of  feces  was  2*7  patu.  4*  V^now 
salts :  These  in  a)l^  from  IDO  parts  of  feees  (indodiai 
the  amnionio*phospbatc  of  magne^ieX  9im<>oiiied  te  It 
ports*     Their  relative  proportioas  were  aa  foUoirsi 

Carbonate  of  soda  •••«.4*4«« 35 

Muriate  of  soda  *.*•• •»••«»•     4 

Sulphate  of  soda #.»•#     2 

A  mm*  phosphate  of  magnesia  ••     2 
Phosphate  of  lime  *••#«••««*«••••     4 
Soeh  are  the  constituents  of  hoooan  feces,  aceafiiii| 
to  the  experiments  of  Berzelhis.      The  foUcwing  TaUl 
exhibits  the  resaJt  of  his  analysis*. 


•  Gchku**  Jmr-  n,  ^ j4» 
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Water 

Vegetable  and  amcnal  remains 

Bile „„..^....*^.... M.."M*  ,J>' 

Aibumen*,*o*«*«**t*f«**«* •*     0*9 

Peculiar  extractive  matter. ^7 

Salts   .....»...,^»,.* .., ..,,      1^ 

Slimy  matter  ;  consisting  of  rc^yi  of  btlc, 
pecuhar  animal   matter,   and  insoiuble  , 

.,.. ir^ 
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II,  The  ex^remcntilioas  matter  examined  by  Tliacr  FocnoC 
and  Emliof  was  that  of  cattle  fed  ^t  the  stall,  chiefly  on  •**^ 
Ivirntps.  It  hstd  a  yellowish  grcep  colour,  a  smell  some* 
wbat!iimi(ar  fp  that  of  musk,  and  but  liulc  tastr,     lu 
specific  gravity  was  1'045.       It  did  not  alter  vegetable 
blues,  and  of  cpurse  contained  po  vucombinec^.  acid  or 

^alkali,  ''  ,^'  -      '^''^''..       .   ',  ".  ^,,/m  . 

.  I*  Sulphuric  add,  when  mixed  with  this  matter,  de- 
Tclopos   tlic  odour  of _ acetic  acid  ,    bat  Tliiiv;  rim 

bpt  have  shown  that  this  acid  does  not  exist  iii  ;he  f^ces* 
bat  is  forrr'^  ^r  ^h*-  taction  of  the  sulphuric  acid*  ^the 
jpurc  alk.:u  id  muriatic  acidsj  pcoduce  little 

change  op  th^  fec^e  of  ^attle^.tt  Uast  when  not  assbttd 
J  by  heat,  '.;  ^         . 

2.  When  100  purts  are  dri^d  on  a  steam  batb^  they 
leave  2SJ-  of  solid  matter* 

.  3i  When  eight  ou»ccf^  or  3840  grains,  were  diffu- 
sed through  water,  they  Jet  f^U  a  quantity  of  sand, 
weighing  45  grains. 

4.  The  watery  solutioni  being  strained  through  a  li- 
nen cloth,  left  600  grains  of  a  yellowish  Sbtqu%  matter. 
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V.     whicli  possessed  the  pio^jvi  u^a  of  the  fibrous  miUa  c; 
planii  •. 

5.  The  liquid,  cm  standing,  depothed  a  sliaj  i&b*  | 
stance,  which  was  separated  bj  filtrsiUon.  It  wet^hd 
when  dry  4S0  grains.  To  this  mmttcr  the  fecci  ^n 
their  peculiar  colour  and  smell «  *Tt  was  insokbU  a 
water  aitd  alcohol.  When  beale^I  it  smelled  Sic  ot 
bile.  It  burnt  like  TcgciaVle  matter.  Alkalies  scaitY- 
Ij  affected  it*  Sulphuric  acid  developed  the  odour  cl 
acetic  acid*  Oxymuriatic  acid  rcodered  it  jtUami 
Thaer  and  Einhof  considered  this  substance  a«  rhtrt^ 
mninsof  the  vegetable  matter  employed  as  fooid  '*«  »^^ 
cattle  i  but  it  is  extremely  probable  that  it  m: 

*  Utn  also  a  portion  of  the  rcun  of  bile,  as  B 
tccted  that  suWtaoce  in  a  similar  matter  from  ukzju^mni 
feces. 

6.  The  filtered  solutton  passed  tbrbul^h  cotimikii 
but  on  exposure  to  the  air  became  in  a  few  fntsmis 
wine  yellow  and  tHcn  brown.  %Vhcn  ev-^'-*':!*-?  u» 
dryness  it  left  a  brownish  roatteri  of  a  bit:  >, 

*  and  wetghing  S»0  grains.  It  #1$  SoIuUe  In  w  . 
soluble  in  alcohol,  and  precipitated  ftom  water  h}  *m 
l](]uid.  It  was  not  precipitated  by  infusion  of  pik 
The  solution  was  found  to  contain  some  pbosphuik 
lalts*  The  £K)  grains  of  residue^  when  heatedi  bam 
like  animal  matter.  They  soon  ran  iotci  potrefactioa, 
exhaling  ammonia  f  • 

T.  When  evaporated  to  dryness  atid  borbt,  thuex- 
crementitious  matter  left  behind  it  an  ash,  whicfa  wis 
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and  (not  reckoning  thestnd)  to  consist 
»wing  salr§  and  earths  in  the  proportioii  stated 


of  the  W-     ^*^  ^ 


Lime 


12 


Pho»|}hate  of  lioie  ,«» » 12*5 

Magnesia • «M^ir»«b«i«.i*.     2 

Iron  • • •«•.•••..     5 

Aluminsi  uith  some  manganete  14 
Silica  ..••..... .•i*#*i«^M«.t«  5a 

Muriate  and  sulphate  of  potash  1*2 
S.  Thaer  and  Einhof  made  nilitverous  experimenti 
on  the  putrefaction  of  cow  dung»  both  in  close  vetscls 
and  in  the  open  air,  from  ^hicb  it  would  appear  that 
the  process  rcscrohlcs  closely  the  putrefaction  of  veg^ 
table  matter  ^  the  oxygen  of  the  air  being  abuodatuly 
changed  into  carbonic  acid  f  * 

III.  To  Vauqiielin  we  are  indebted  for  an  analysis  C^« 
of  the  fixed  parts  of  the  excrements  cf  (owl\  and  a 
aparison  of  them  with  the  fixed  parts  of  the  food  » 
»m  which  some  very  curioua  consequences  may  be 
deduced. 

He  found  that  a  hen  de^oiired  in  ten  days  ill | l«d4S 
graioi  troy  of  oats.     These  contained 

126*509  grains  phosphate  of  lime 
£19*548  silica 


Uiimk^ 


356-057 

During  these  ten  days  she  laid  four  eggs  ;  the  shells 
of  which  contained  98*116  grains  phosphate  of  lime, 
mud  453'417  grains  carbonate  of  Ume»  The  excretnenis 
emitted  during  these  ten  days  contatned  115*529  gratas 
pihosphate  of  lime^  5i*494  grain&'of  carbonate  of  lime^ 


9Gthktifm*  ^)K 
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disappeared  $  but  if  50,  it  must  be  combined  with 
reat  quantttj  of  some  other  substance  •• 
k»  These  consequences  arc  too  important  to  be  admitted 
without  a  very  rigorous  examination.  The  experiment 
must  be  repeated  frequently,  and  we  must  be  absolutelj 
certain  that  the  hen  has  no  access  to  any  calcareous 
earthy  and  that  she  has  not  diminished  in  weight  j  be- 
cause in  that  case  some  of  the  calcareous  earthy  of  which 
part  of  her  body  is  composed,  may  have  been  employ- 
ed. This  rigour  is  the  more  necessary,  as  it  seems 
etty  evident,  from  experiments  made  long  ago,  that 
fir  birds  at  least  cannot  produce  eggs  unless  they  have 
ess  to  calcareous  earth,  Dr  Fordycc  found,  that  if 
canary  bird  was  not  supplied  with  lime  at  the  time 
mt  ber  iayiogi  the  frequently  died^  firam  her  eggs  not 
coming  forward  properly  f*  He  divided  a  number  of 
these  birds  at  the  time  of  their  laying  eggs  into  two 
fmtUtM :  to  the  one  he  gave  a  piece  of  old  mortar,  whicll 
Aifjittle  animals  swallowed  greedily  |  they  laid  their 
•gfea  MB  usual,  and  all  of  them  lived  ;  whereas  many  of 
the  oUier  party,  which  were  supplied  with  no  lime^ 
died|. 

Vaoquelin  also  ascertained,  according  to  Fourcroy, 
lat  pigeons  dung  contains  an  acid  of  a  peculiar  nature^ 
rlueh  increases  when  the  matter  is  diluted  with  water  | 
At  gradually  gives  place  to  ammonia,  which  ia  at  last 
ihaled  in  abundance  j. 

IV*  The  white  matter  voided  by  dogs  who  feed 
liefiy  on  bones,  was  formerly  used  in  medicine  under 
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I       OSSIFICATIOKS* 

» 1.  3a  fiiltary  calculi 
4.  Urinary  calculi 
5*  Gouty  calculi 
We  shall  take  a  view  of  each  of  these  classes  in  or- 
der. 
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All  the  concretions  which  make  their  appearance  in 
solids  of  the  animal  body  may  be  comprehended 

ier  this   title  with  propriety  ;  because  they  have  all 
F^  close  resemblance  to  bone»  being  composed  of  similar 
cocistituenCs*     The  following  are  the  most  remarkable 
of  these  concretions, 

|.  Pineal  concritions ,^—lli%  well  known  to  anatomists 
ihat  small  concretions  like  sand  are  often  found  lodged 
in  that  part  of  the  brain  called  xht  f  meal  gland*  It  was 
^u^pt!ctcd  from  analogy  that  they  consisted  chiefly  of 
phosphate  of  lime  »  but  Dr  WoUaston  was  the  Erst  who 
examined  them  chemically^  and  proved  the  truth  of  this 
opinion*  He  dissolved  some  of  the  sand  in  nitric  acid, 
and  evaporated  the  solution  ;  small  crystalline  needle^ 
made  their  appear ance^  indicating  the  presence  of  phoSf^ 
phate  of  lime  ''^. 

2*  Salivary  concretions, — Small  concretions  occaiion*   fl.Silivaiy 
ally  make  their  appearance  in  the  salivary  glands^  es. 
pectally  the  parotid  and  sublingual.     From  the  expert* 


coocrctiODt. 


•  See  Dr  WoUaitoo'i  Important  piper  oa  Vrvaij  lod  Gotttf  Coo 
cretioHA,  Flii.  Trmai,  1797,  p.  386. — 1  ihiU  have  occaiiQQ  to  refer  c*  \l 
wmy  Cre^uentlj  in  the  9ubK<iaent  put  of  thtt  Section. 
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some  cases  ihtj  appear  to  contain  no  phosphate.   Thua   ^.Chap.  IL 
a  pulmoaary  calculus  cxannoed  hj  Mr  Crutopton^ 
was  composed  of  , 

Carbonate  of  lime  •••.«•  ^*  €2 

Aotmal  matter  aad  water  . «    IB 

100  ^ 

M  5«  f^atk  cmttrHimit^ — TThc  liver  also  is  sometimes  5*  HepMic 

'  ^  eoncretioni. 

fuU  of  similar  bodies.      The  shape  of  the  hepatic  coa* 

cretioniy  as  far  as  my  observations  gO|  is  more  irregu- 
larj  and  I  have  seen  them  of  greater  size^  than  the  puU 
monarj  concretions*  By  mj  anti}ysis»  thej  are  com- 
posed of  phosphate  of  lime  aod  a  tough  animal  mem* 
bran  Oils  matter* 

6.  ConcrtHoni  in  the  prostate^^^tom.  the  expert*  6.  Coocre- 
ments  of  Dr  WoJiaston,  we  learn  thai  the  concreUons   proiuie. 
which  sometimes  form  in  ihe  prostate  gland  have  like- 
wise phosphate  of  lime  for  their  basts. 

7.  The  extremities  of  the  muscles  and  the  lareer  ?;^^^^>- 

^        iiont. 

Uood  vessels  sometimes  harden^  and  assume  the  ap- 
pearance of  bone*  U  is  believed  that  this  change  is  a 
real  ossification,  or  that  these  bodies  are  conyerted  into 
real  bone.  I  do  not  know  whether  any  such  ossifioa- 
ticos  have  been  analysed. 


IK      InTESJINAI.  CoKGJtETIONS. 


.       CoNCREXiONS  of  very  considerable  size  are  some- 
times found  lodged  in  the  stomach  and  intestines ;  sel* 


Hutarj^ 
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not  so  ca&ilj  separated  as  those  of  ihe  preceding  spe- 


cies ^. 

3^  Phasphati  of  ammonia* and* magnesia . — This  spe* 
cies  is  the  most  common  of  the  intestinal  Goncretions. 
Its  colour  is  grey  or  brown,  and  it  is  composed  of  cris- 
is diverging  like  rajrs  from  a  centre*     It  has  some  re-. 
emblance  to  calcareous  spar.     It  contains  abundance 
animal  matter.     This  species  occurs  frequently  iti 
be  intestines  of  herbivorous  aoimalsp  as  the  horsei  the 
lephanty  &c. 
4.  Biiiary,^^!Thh  is  a  species  of  concretion  found 
equentlj  in  the  intcstmes  of  oxen,  and  likewise  in 
beir   galUbladder,  and   employed   by  painters  as  an 
range  yellow  pigment.     Its  colour  is  reddish  brown , 
is  not  composed  of  layers^  but  is  merely  a  coagulated 
"mass,  and  appears  to  be  but  little  different  from  the  re- 
lous  matter  of  bile.     When  heated  it  melts.     Itdii^ 
E»lves  readily  in  alkalies.     Alcohol  dissolves  it  pa^ 
tially,  and  acquires  a  very  bitter  taste  t« 

5*  R^nnous, — To  this  species  belong  many  of  the 
oriental  bcz.oard$,  formerly  so  celebrated,  obtained  hom 
the  intestines  of  animals  with  which  we  are  un acquaint- 
ed*  They  are  fusible  and  combustible,  composed  of 
concentric  layers,  smooth,  soft,  and  finely  polished. 
Fourcroy  and  Vauqaelin  have  distinguished  two  varie- 
ties :  The  first  of  a  pale  green  colour,  a, slightly  bitter 
taste,  almost  completely  volatile  ;  giving  by  heat  a  so- 
lid tenacious  matter,  soluble  in  alcohol,  and  separating 
io' crystals  as  the  solution  cools.  This  matter  consists 
partly  of  bile,  partly  of  resin.     The  second  variety  lias 
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yielded  the  products  of  wood,  mid  left  a  qaatitity 
arcoal  in  the  retort,  which,  when  iocincratedi  gave 
s  of  sulphate  of  soda,  muriate  of  soda,  Itme,  and 
MUca.  Thui  it  appears  that  they  possessed  all  the  pro- 
|ierties  of  pure  woody  Ebre*  They  must  have  been 
formed  in  the  stomach  of  the  animals,  and  Dot  in  the 
Alimentary  caoal  ^. 


III,    BiLiAav  Calculu 


^■Iaad  bodies  sometimes  form  in  the  gall'^bladdcr,  or  Hiiceiy. 
^Bpie  duct  through  vvhich  the  b^le  passes  into  the  io* 
H^tial  canal,  and  stop  up  the  passage  altogether.  These 
MacrettoQS  have  got  the  name  of  hitiary  cakuU  or  galL 
^omrsm  They  naturally  drew  the  attention  of  pbysi* 
cians,  because  it  was  soon  ascertained  that  tb^  occa- 
lioDcd   the  disease  called  jaundia*     Accordingly  they  -^^^^ 

ivere  examined  and  described  by  different  chemists^  and 
tbe  facts  ascertained  before  1164  were  collected  by 
fiailer  in  the  sixth  volume  of  his  Physiology.  Since 
■bat  period,  a  treatise  has  been  published  on  them  by 
y^icq  d'A^yr  ;  and  several  new  facts  have  been  disco. 
irercd  by  Poulletier  de  la  Sale,  Fourcroy,  Greo,  and 

iunders*     Thcnard  has  lately  subjected  them  lo  exa- 
tnioation  f , 

Such  of  the  biliary  calculi  as  have  been  hitherto  C3C-  Di^jjiblo 
luctoed  with  attention   may  be   arranged   under  four  >i^^<»'^»«(' 

chifcs. 

Bla&aes. 

1,  The  first  kind  comprehends  those  which  have  a 


•  Mtm,  d*Art>tiUf  iL  44t»  .^ 
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lit  Spacict 
rctembic* 


whtfe  colour,  sutd  m  crjtUlUtmd,  shintof,  hma 
Strttcture*     They  coosUt  of  adjpocire* 

2*  The  iccond  ipecics  are  paljgoom]^  of  m  hgH\ 
Uh  brown  colour*  Extcrnallj  thcj^haTe  t  t9{ 
compoicd  of  thin  cooccotric  laycriy  withia  ^mtt^ 
thcr  crjstallixed  or  having  the  appesnuicc  of  c^ 
ted  honej*  They  are  composed  chiefly  of  adipl 
but  contain  a  tmall  [>ortion  of  brown  mutler,  4 
as  yellow  matter  of  bile  a  little  altered. 

3*  The  third  kind  arc  of  a  brown   coloor, 
supposed  to  be  composed  of  altered  yellow  latfl 
bUe. 

4*  The  fourth  comprehends  ihote  gaU-stooei  1 
do  not  flame,  but  gradually  waste  away  at  a  tad  | 
Let  ut  take  a  view  of  each  of  these  classes ollil 
calculi. 

I.  The  first  species  of  biliary  calculi  was  p4 

out  for  the  first  time  by  Haller  in  a  disacrtaaoai 

Ushed  in   174S?.      Walther  afterwarda 

new  facts  ;  and  at  last  it  was  accurately 

Vioq  d'Atyr*     It  is  almost  always  o£  aa 

sometimes  as  large  as  a  pigeon's  egg,   but 

about  the  size  of  a  sparrow's  i  and  for  the  tqoi| 

only  one  calculus  (when  of  this  species)  is  found  i 

galUbladder  at  a  time*     It  has  a  wbtta  colour « 

when  broken,  presents  crystalline  plates  or  strne^ 

liant  aod  white  like  micSy  and  having  a  softgre^yl 

Sometimes  its  colour  is  yeUow  or  grceaisii ;  and  k 

coD&tantly  a  nucleus  of  inspissated  bile  *.     Itsipe 


Fovrcroji 


,  ^  Cim,  iiiV  a49* 


BItlARY  CALCULI. 


Ml 


itr  h  inferior  to  that  of  water  ;  Grcn  found  the     <^P*  ^* 
lific  gravity  of  one  0*803  *. 

1  exposed  to  a  heat  considerably  greater  than 
U  of  boiling  water,  this  crystallixed  calculus  softens 
^ifiBlu,  and  erjstalKzcs  again  when  the  temperature 
jweredt*  It  is  altogether  insoluble  in  water  ;  but 
alcohol  dissolves  it  with  facility.  Alcohol,  of  the 
Iperaiure  of  161**,  dissolves  -^  of  its  weight  of  this 
Istancc  ;  but  alcohol,  at  the  temperature  of  60^, 
irccly  dissolves  any  of  it  J.  As  the  alcohol  cools,  the 
Iter  is  deposited  in  brilliant  plates  resembling  talc 
Kacic  acid  $.  It  is  soluble  in  oil  of  turpentine  ||* 
icn  melted  it  has  the  appearance  of  oil,  and  exhales 
the  odour  of  melted  wax ;  when  suddenly  heated  it  eva- 
k|wate§  altogether  in  a  thick  smoke.  It  is  soluble  in 
^Bc  alkalies,  and  the  solution  has  all  the  properties  of 
l^^ap.  Nitric  acid  also  dissolves  it ;  but  it  is  precipi* 
Hated  altered  by  water  H".  Indeed  the  greatest  part  se- 
^parates  as  the  liquid  cools,  and  swims  on  the  surface 
Hike  drops  of  oil,  and  seems  by  the  action  of  the  acid  to 
fee  brought  nearly  to  the  state  of  a  resin  •••    Fourcroy, 

Rbo  first  examined  this  peculiar  matter  of  biliary  cal- 
piy  has  given  it  the  name  of  adipocire^  from  its  resem*- 
ance  both  to  fat  and  to  wax. 

C.  The  second  kind  of  biliary  calculi  is  of  a  poly.   ^«*  ^P*' 
gooal  shape,  and  a  number  of  them  almost  always  exist  hi. 
Hn  the  gall-bladder  together*     To  this,  probably,  they 
^owe  their  peculiar  form-     Most  commonly  they  have 
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three  blont  iogles,  tnd  have  some  reseabUnce  lo 
low  tctf ahedons,  applied  base  to  hmwCp  with  thdr 
and  angles  rounded  off*  Xhty  vary  con 
their  specific  gravity.  A  specimen  acemingly 
ing  to  this  species,  examined  hf  Dr  Boslock,  wn 
the  spedfic  gravity  O'Oao  •*  The  mean  sptdfte|n» 
vity  of  six  which  I  analysed  was  1*061^  and  tkfd 
sunk  in  water.  Their  outer  surface  is  amoolh»  «rili 
a  soft  feel.  When  broken  they  exhibit  m  thin  cga 
cmst^  composed  of  concentric  layers^  mitematelj  07^ 
taUized  in  small  rays  inclining  towarda  the  eeottf «  Ik 
nucleus^  in  all  the  specimens  which  I  have 
had  the  appearance  of  granulated  honey. 

These  calculi^  in  their  composition,  difler  bat 
from  the  last  species^  since  they  consist  almeil 
of  adipocire.  In  six  galUstones  which  I  atudysid,  As 
matter  amounted  to  at  least  l^ths  of  the  whole.  Ik 
residue  was  a  reddish  brown  substance,  iosolahk  is  i 
ooboK  Nitric  acid  dissolved  it  readily,  andfomrft 
pink-coloured  liquid,  from  which  ammonia  threw  dm 
no  precipitate.  Pure  potash  ley  dissolved  most  d 
readily  when  assisted  by  heat.  From  the  sotQtioa,aB^ 
riatic  acid  threw  down  a  dark  green  flatter,  wkidklii 
a  bitter  taste,  dissolved  in  alcohol^  melted  when  hcMi 
and  exhibited  most  of  the  propertiea  of  the  rem  if 
bile.  The  residue,  insoluble  in  potash,  was  ia  pfj 
flakes,  and  resembled  albumen  in  such  of  m  prapeoi 
as  could  be  traced.  But  as  it  never  exceeded  {Ibsf  t 
grain,  it  was  not  possible  to  aseertatn  its  natmewtb 
precision. 
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t.  I  have  never  had  an  opportunitjr  of  seeing  any     Chap,  li. 
stones  finom  the  human  species  helonging  to  the   ^a^ofaU 
kind,  or  composed  entirely  of  altered  yellow  mau  {^JJ  J[Jj^ 
But  in  the  galUstones  examined  by  Thenard  se* 
were  of  this  kind* 
4*  Concerning  the  fourth  species  of  gall  stone  very 
little  is  known  with  accoracy*     Dr  Saunders  tells  ut 
tbsit  he  has  met  with  some  gall*stones  insoluble  both  in 
Blcohol  and  oil  of  turpentine  y  some  of  which  do  not 
lame,  but  become  red|  and  consume  to  an  ash  like  a 
^nu*coaI  ^.     HftUer  quotes  several  examples  of  similar 
Eftkulif*     Probably  they  do  not  differ  from  the  third 
tind, 

•  5.  The  gall  stones  of  oxen  are  always  of  a  yellow 
eokur,  and  consist  of  the  yellow  matter  of  bile  mixed 
liiih  minute  traces  of  bile  which  may  be  separated  by 
lirmer.  They  are  tasteless,  when  thus  washed,  and  in- 
boloble  in  water  and  alcohoK  They  are  used  by  paint* 
mttf  though  their  colour  is  not  permanent,  but  £ooa 
iget  to  a  brown  |. 

IV.    Urikart  Calculi. 

It  is  well  known  that  concretions  not  uniirequeitllf 
brm  in  the  bladder,  or  the  other  tarinsfy  organs,  cad 
becasion  one  of  the  most  dismal  diseases  to  which  tlie 
idman  species  is  liable* 

These  concretions  were  disttnguiihed  by  the  name  of  Hijtory 
tmkmlif  from  a  supposition  that  they  are  of  a  stony  oa« 
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WhjH  and  Alston  pointed  out  alktUes  as  solvents     Ch>p>  tt 
calculi.     It  was  an  atlcoapt  to  discover  a  more  per* 
ct  solvent  that  induced   Dr  Black  to  make  those  ex- 
cnts  which  terminated  in  the  diicovery  of  the  m- 
of  the  alkaline  carbonates*  Jii«^fca 

Such  was  the  itate  of  the  ebemtcal  analysis  ofcalKik 
when  in  1776,  Schecle  published  a  diisertalion  elH^ 
subject  10  (he  Stockholm  Transactions  i  which  was 
d  by  some  remarks  of  Mr  Bergman*  These 
ious  chemists  completely  removed  the  uncertainty 
h  had  hitherto  hun^  over  the  subject,  and  ascer* 
lined  the  nature  of  the  calculi  which  they  examined. 
k£incc  that  time  considerable  additional  light  has  been 
imwn  upon  the  nature  of  these  concretions  by  the  la^ 
pom  of  Austin,  Walther,  Brugnatellif  Pearson,  Sec. 
lat  the  most  important  additions  to  our  knowledge  of 
ftlculi  were  made  by  Dr  Wollaston.  That  ingeniouf 
ist  distinguished  them  into  species,  and  ascertain* 
d  the  composition  of  each,  pointing  out  several  tew 
istituents  which  had  not  been  suspected  before*, 
lie  dissertatiou  on  calculi  by  Fourcroy  and  Vauquelin 
no  less  important.  Many  of  their  results  indeed  had 
en  anticipated  by  Wollaston :  But  they  analysed 
liont  500  calculi  with  precision ;  a  nomber  sufficient  to 
ible  them  to  make  a  more  exact  arrangement  of  tljem 
itt  could  be  obtained,  till  the  frequency  of  the  occur- 
fence  of  every  ingredient  was  known*  They  detected 
lao  some  substances  in  calculi  which  had  not  been  ob. 
ed  in  tliem  before.  A  valuable  dissertation  on  the 
mbject  has  lately  been  published  by  Mr  Brande.     He 
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extmincd  1 50  calculi  in  the 
rectified  some  mistakes  of 
sercral  new  facts  *• 
.  Urinary  caicoU  are  usual! 
sometimes  they  are  poljgc 
of  mulberries ;  and  in  thai 
bj-  the  epithet  nndberry. 
times  thej  are  Tery  small, 
gooae-cgg,  or  even  larger, 
is  m  deep  brown  reaemblic 
caaea  they  are  whine,  and  i 
of  a  dark  grey,  and  hard. 
oftm  iatermized,  and  oocu 
siiy.      Their  surfiKc  in 
marble ;  in  others,  rough  a 
ave  ooTcred  with  semitram 
ci£c  gravity  varies  from  1 
The  snbstances  hitherto 
are  the  foUowii^ : 

1.  Uric  acid 
3.  Phosphan 

3.  Phosphan 

4.  Oxalate  o 
3.  Muriate  c 

6.  Magnesia 

7.  Phosphati 
6*  Silica 

9.  Urea 


I  Brvfutclii  foond  &ito  phofp^ 
chIi. — See  .4aa.  it  dim,  uzxL  \Z\» 
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10.  Cistic  oxide 
I  11.  Mucus 

f  1 .  Uric  acid  was  first  discovered  in  calculi  by  Sclieele* 
fhc  greater  number  of  tbe*e  concretions  hitherto  ana*. 
rsed  consisted  of  it.  All  those  analysed  by  Schccl© 
lere  composed  of  it  entirely.  Of  300  calculi  analysed 
f  Dr  Pearson,  scarcely  one  was  found  which  did  not 
liitain  a  considerable  quantity  of  it,  and  the  greater 
tmber  manifestly  were  formed  chiefly  of  it*  Fourcroy 
kd  Vauquelln  found  it  also  in  the  greater  number  of 
m  500  calculi  which  they  analysed.  Of  150  exatni- 
?d  by  Brandc  only  16  were  composed  entirely  of  this 
nd  ;  but  almost  the  whole  of  them  contained  this  and. 
I  The  presence  of  this  acid  tnay  be  easily  ascertained 
m  flic  following  properties:  The  calculi  formed  of  it 
re  brown,  polished,  and  resemble  wood,  A  solution 
)f  potash  or  soda  dissolves  it  readily,  and  it  is  precipi* 

ed  by  the  weakest  acids.    The  precipitate  is  soluble 

nitric  acid  ;  the  solution  is  of  a  pink  colour,  and 

iges  the  skin  red. 

2.  Phosphate  of  lime  was  observed  in  calculi  by  Berg-  i.  i 
pan  ^  afterwards  it  was  found  in  abundance  by  Pear-  Yr^ 
bn,  and  more  lately  by  Fourcroy  and  Vauquclin.  Dr 
^oUaston  was  the  first  who  observed  calculi  composed 
If  it  cntirelyp  The  calculi  which  he  examined  were 
Irown^  and  so  smooth  externally  as  to  appear  polished^ 
fhey  were  composed  of  laminiB  easily  separable  into 
fbncentric  crusts*  In  the  calculi  observed  by  Fourcroy 
Ind  Vauquelin,  the  phosphate  of  lime  was  white,  with* 
pot  lustre,  friable,  stained  the  hands,  paper,  and  cloth, 
ft  had  very  much  the  appearance  of  chalk,  broke  under 
brceps,  was  insipid  and  insoluble  in  water.  It  is 
Sable  in  nitric,  muriatic,  and  acetic  acids,  and  is 
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I-  Uric 
acid* 


f}f  tbetr  diaracters  was  known  tilt  they  attracted  the  at* 
lention  of  that  chemist*  lo  all  the  calculi  which  he 
examined)  the  oxalate  was  mixed  with  phosphnte  of 
linie,  and  usually  also  with  uric  actd  i  but  Fourcroj  and 
Vauquelm  found  several  la  which  it  was  united  only  to 
mnimal  matter.  It  commonly  forms  a  very  hard  calcu- 
luS)  of  a  dark  green  colour,  difficult  to  saw  asunder,  ad* 
mitting  a  polish  like  ivory^  exhaling^  when  sawed,  an 
odour  like  that  of  semea*  Insoluble  and  indecomposa* 
ble  by  alkalies  i  soluble  in  very  diluted  nitric  acid>  but 
slowly  and  with  difficulty*  It  may  be  decomposed  by 
the  carbonates  of  potash  and  soda.  When  bumt»  it 
leaves  behind  a  quantity  of  pure  lime,  amounting  to 

Iythird  of  its  weight,  which  may  be  easily  recognised 
its  properties  *^ 
K  Muriate  of  ammonia  was  first  detected  in  calculi 
Brande.  Fourcroy  and  Vauquelin  had  announced 
existence  of  urate  of  ammonia  in  calculi*  They 
founded  their  opinion  chiefly  on  the  easy  tolubtlity  of 
the  supposed  urate  in  alkaline  leys,  and  the  smell  of  am* 
jnooia  given  out  during  the  solution*  Brande  found 
that  if  such  calculi  were  treated  with  water,  a  portiofi 

k  dissolved,  and  the  residue  consisted  of  pure  unc 
,  The  matter  dissolved  was  partly  urea  and  partly 
ntinate  of  ammonia.  To  the  first  of  these  bodies  he 
ibed  the  easy  solubility  of  the  calculus^  and  to  the 
second  the  smell  of  ammonia  which  it  gave  out  during 
its  solution.  From  his  experiments  it  does  not  appear 
that  any  such  salt  as  urate  of  ammonia  is  present  in 
okuUf. 
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lica  was  found  also  in  tn  ejccessdve  proportion  in  th« 
ilculus  analysed  by  Alemani^  the  result  of  which  has 
been  stated  ahove*  s     • 

9.  Urea  was  suspected  to  exist  in  calculi  by  Four, 
croy  and  Vauquelin»  but  was  first  detected  by  Mr 
Srande.  He  obtained  it  hy  digesting  the  calculi  sup- 
posed to  contain  it  in  water  or  alcohol,  and  evaporating 
the  solution.  The  proportion  of  it  setms  sometimes  to 
be  great*  In  one  instance  Mr  Brande  found  3d  per  ctni». 
of  animal  matter,  the  greatest  part  of  which  no  doubl 
was  urea  f, 

10*  The  substance  called  cistic  oxide  w^is  discovered,  f<x  Cigtic 
and  its  nature  ascertained|  by  Dr  WoUaston*  A  small  ****^ 
calculus,  passed  from  the  bladder  of  a  man,  wasenttreljr 
compoiifd  of  it.  It  was  white,  dense^  brittle,  and  had 
pretty  much  the  appearance  of  magnesian  Hme- stone. 
The  characters  of  this  new  and  peculiar  animal  sub* 
SMice,  as  ascertained  by  Dr  WoUaston,  are  the  follow-. 
tog  :  1.  It  dissolves  and  combines  equally  with  acida 
a&d  alkahes,  and  cryitaUiLes  with  both*  2.  Ijt  ts  pre* 
cipitated  from  nitric  actd  by  alcohol.  3«  It  does  not 
become  red  when  treated  with  nitric  acid»  4-  It  prOi- 
duces  no  change  on  vegetable  blues*  5*  It  is  insolublo 
so  water,  alcohol,  and  ether*      6*   When  distilled  it 
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CRtKART  CALCULI. 

GCKt^S  II.     Caicuti  composed  of  two  ingrtdienh* 

Sf-  !•  Oric  acid  and  tbe  phosphates  in  layers. 

Sp.  ^*  Ditto  mixed  together. 

Sp«  3.  Urate  of  ammonia  and  the  phosphates  in 
ajers« 

Sp.  4.  Ditto  mixed  together. 

Sp.  5.  The  phosphates  mixed  or  In  layers. 

Sp.  0.  Oxalate  of  h'me  and  uric  acid  in  layers. 

Sp.  7*  Oxalate  of  lime  and  the  phosphates  in  layers. 

G£KU8  III.       Calculi  contaimng  more  than  three  in' 
grcdienii* 

Sp«  1*  Uric  acid|  the  phosphates^  and  oxalate  of 
I  Sme. 

Sp*  2*  Uric  acid^  arate  of  ammonia^  the  phosphates, 
I  ttlict. 

Let  us  take  a  view  of  each  of  these  species. 

Sp.  1.  Uric  acid.      Colour  that  of  wood,  various  De^^iptimi 

I  of  yellow  or  red.  Texture  laminar  and  radiated,  cici. 
npact  and  fine.  Specific  gravity  from  l"5  to  l'7Sfl  j 
•ometimes  90  low  as  1*276.  Surface  psually  smooth 
and  polished.  Completely  soluble  in  fixed  alkaline 
leys,  without  emitting  any  odour  of  ammonia*  This 
species  is  the  most  common*  One  fourth  of  the  600 
calculi  examined  by  Fourcroy  and  Vauquelin  beloaged 
to  it. 

Sp-  2.  Urate  of  ammonia.  Colour  brownish  white. 
Texture  laminafy  lamina  easily  separated  from  each 
other.  Specific  gravity  from  1*225  to  1*720.  Surface 
often  crystalHted*  Soluble  in  hot  water,  especially 
when  reduced  to  powder.     Soluble  in  fixed  alkalies, « 
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It  its  Ducleusy  instead  of  uric  acid^  is  composed  of  urate 
<if  amiDDnia*  It  is  Dot  very  6ommon|  and  the  calculi 
belonging  to  it  are  smaller  thaa  those  of  the  fourth 
species*      ' 

Sp.  7*  Urate  of  ammania  and  the  phosphates  mixed . 
This  species  resembles  the  bftb,  but  m^j  be  distinguish- 
by  a  colour  less  yellow,  and  by  the  ammonia  emit- 
^hen  the  calculi  are  treated  with  potash.  Tbc  c^- 
:lU  belonging  to  it  are  small  and  rather  uncommon. 

Sp.  8*  The  two  phosphates  mixed  or  in  layers.  Colour 
white  like  chalk.  Texture  laminar  ;  friable,  easily  se- 
parated, and  staining  the  surface  of  other  bodies  like 
'Chalk.  Often  mixed  with  thin  layers  of  phosphate  of 
magntsia-and-ammonifl,  sparry,  and  semi  transparent. 
Specitic  gravity  from  1'138  to  1*471.  Soluble  in  acids, 
insoluble  in  alkalies.  About  ^V^^^  ^^  ^^^  calculi  exa- 
.mined  by  Fourcroy  and  Vauquelin  belonged  to  this 
species. 

Sp.  9.  Oxalate  o/ lime  and  isric  acid  in  layers.  The 
calculi  belonging  to  this  species  have  a  nucleus  of  oxa« 
late  of  lime  covered  with  a  layer,  more  or  less  thick,  of 
uric  acid ;  or  they  conust  of  a  small  calculus  of  the  third 
species  covered  with  a  layer  belonging  to  the  first  spe-^ 
cies.  They  are  easily  distinguished  when  sawn  in  two. 
About  ^ih  of  the  000  cakuli  analysed  by  Fourcroy 
auid  Vauquelin  belonged  to  this  species. 

Sp.  1 0 .  Oxalate  of  lime  and  the  phosphates  in  layers » 
The  calculi  belonging  to  this  species  have  a  nucleus  of 
oxalate  of  lime  covered  with  a  coat  of  the  phosphates. 
Externally,  thercforci  they  are  the  same  with  the  fourth 
and  eighth  species  ;  while  the  internal  nucleus  belongs 
to  the  third  species.  They  arc  easily  distinguished 
therefore  when  sa^'n  in  two*     The  calculi  of  this  spc^ 
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3.  Mu&^rry  cakttli*     Composed  of  oxalate  of  lime    ,  ^^^^^P-  **•_ 
pr  of  oxalate  and  phosphate  of  lime*     In  the  state  of 
Howder  tbey  arc  aiowlj  dissolved  by  muriatic  acid.  The 
re^duum  is  uric  acid* 

A*  Bone  earth  calculi.     These,  as  the  name  imptie% 

e  composed  chiefly  of  phosphate  of  lime.     They  are 
lolubte  in  muriatic  acid* 

From  the  observations  and  experiments  of  Mr  Brande, 
t  appears  that  the  calculi  formed  in  the  kidneys,  almost 

Fays  consist  of  uric  acid  and  animal  matter.  Some* 
Imes,  but  very  rarely,  they  consist  of  oxalate  of  lime  j 
tnd  when  calculi  remain  in  the  kidney  a  considerable 
ime  after  they  have  been  formed,  their  external  coat 
lonsists  sometimes  of  the  triple  phosphate  of  magnesia 
Itid  phosphate  of  lime  ** 

Of  150  calculi  found  in  the  bladder,  and  analysed  by 
Mir  Brande,  the  following  was  the  composition  : 

16  Composed  of  uric  acid 

45  *•»•«*••«• uric  acid,  with  a  small  relative  pro- 
portion of  the  phosphates 

66  • the  phosphates  with  a  small  propor- 
tion of  uric  acid 


the  phosphates  entirely 
uric  acid  with  the  phosphates 
nuclei  of  oxalate  of  lime 
chiefiy  oxalate  of  lime* 


and 


^rom  the  preceding  account  of  the  different  urinary 
Iculif  it  appears  that  most  of  their  component  parts 
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Fore  paw  over  the  immcrows  lithontbriplics*  which     Hup,  n. 

Tc  be<n  rt commended  in  all  ages,  aod  satisfy  triTself 

ith  giving  an  account  of  the  expcrimeots  madt   by 

oorcroy  and  Vauquelin  to  dissolve  stones  by  injections 

gh  the  orethra,  made  after  their  analysis  of  the 

tj  calculi. 

The  component  parts  of  nnnary  calcuiti  as  far  as^* 

arc  concerned,  may  be  reduced  under  three  heads  | 

J.  Uric  acid  and  urate  of  ammonia  S^l^tntt* 

2.  The  phosphates 
3*  Ojcalate  of  lime, 
i#  A  solo  tion  of  pure  potash  and  sod a^   so  weak  that 
ay  be  kept  in  the  mouth,  and  even  swallowed  with- 
pain^  aoop  dissolves  calculi  composed  of  uric  acid^ 
irate  of  ftmmoniay  provided  they   be  kept  plunged 

^  2.  The  phosphates  are  very  quickly  dissolved  by  ni- 
tric or  muriatic  acid,  so  weak  that  it  may  he  swallowed 
without  inconvenience,  and  possessed  of  no  greater 
licridness  than  urine  itself. 

t^    S,  Oxalate  of  lime  is  much  more  difficult  of  solution 

than  the  preceding  substances.     Calculi  composed  of  it 

bife  slowly  dissolved  by  nitric  acid,  or  by  carbonate  of 

%h  or  soda,  weak  enough  not  to  irritate  the  bladder : 

the  action  of  these  substances  is  slow,  and  scarcely 

omplelc. 

These  solvents  injected  into  the  bladder  repeatedly,   ^ow  ap- 

retaincd  in  it  as  long  as  the  patient  can  bear  their  P^***^ 
ioQ  without  inconvenience,  ought  to   act  iipod   the 


There  ti  po  room  to  believe  thit  any  of  thcie  medlciiMS  hjtfaeno 
fropowd,  whether  «!kaU<:i  or  acidt,  have  any  trcci  ai  toUcau  of  cal^ 
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stone,  sml  gradually  dissolve  tU     The  difficiiltj,  Wi* 
ever^  h  to  dttcrmine  the  compo^tian  of  ihc  oikoUi^ 
be  acted  upon^  in  order  to  know  wKlch  of  iJic 
to  employ*     But  as  no  method  of  dadduig'  tlttt 
with  certainty  U  at  preaent  koown^  w^  muai  try  «« 
one  of  the  solvents  for  once  or  twice,  and  exii 
mfter  it  has  been  thrown  out  of  the  bladder, 
begin,  for  instance,  with   injecting   a  weak  solai 
potash  ;  and  after  it  has  remained  in  the  bladder  hlf  ■ 
hour,  or  longer  if  the  patient  can  bemi  it«  lei  the  lifsij, 
as  soon  as  passed^  be  filtered  and  mixed  with  a  lidi 
mnriatic  acid  \  if  any  nric  acid  has  been  dtnolTe^t 
white  solution  will  make  its  appearmnce,     Thispndk 
ptutc  ii  a  proof  that  the  calculus  is  compoted  of  m 
acid.    If  it  docs  not  appear,  after  pcrseTering  in  ikit 
kaltne  solution  for  some  days,  then   tbertf  b  rfnem 
espect  the  presence  of  the  phosphates ;  of  coune  a  «dt 
nutriatic  acid  solution  should  be  injected*     Afierlb 
solnlion  is  emittedp  let  it  be  mixed  with  aaiTOOBii,ai 
the  phosphate  of  lime  will  precipitate^  if  the  cakib 
be  composed  of  it.     If  neither  of  tfa^sc  aolittioos  vit 
tip  any  thing,  and  if  the  symptoms  are  not  aUevviiii^ 
we  must  have  recourse  to  tlie  action  of  nitric  uUf 
the  supposition  that  the  calculus  is  composed  of  oul 
of  lime*     These  different  solutions  rnusi   be 
iflp  rad  varied  occasionally  as  they  lose   their  ti 
in  order  to  dissolve  the  different  coats  of  ibc  ^kohs. 
Such  are  the  methods  pointed  oot    by    Four^ 
Vauquelin,     It  is  scarcely  necessary  to   observe^ 
the  bladder  should  be  evacuated  of  orine  prevkosHi 
the  injections,  and  that  the  injections  should  be  pfe?i< 
ously  heated  to  the  tcmpcratare  of  the  body. 
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The  calculi  found  in  the  bladder  of  the  mferior 
Wiimsils  ha\re  been  examined  by  difTerent  chemists,  es- 
Ipecially  by  Fourcroy  and  Vauquelin,  and  by  Dr  Pear-* 
|Poa  and  Mr  Braode*  As  far  as  experiment  has  hither- 
|to  gone,  they  consist  chiefiy  of  the  three  following  spe«- 

^h*  Carbonatt  of  lime*  These  calculi  have  m  white 
polour^  are  opaque,  and  arc  easily  recognised  by  the,,, 
mctioa  of  acids.  They  occur  most  frequently  in  the  ' 
|b] adder  of  the  graminivorous  animals,  and  seeia  to  have 
ibeen  first  detected  by  Fourcroy  and  Vauquelin«  The 
{lime  is  cemented  by  an  animal  matter*  Calculi  be- 
|longing  to  this  species  have  been  found  in  the  bladder 

Kic  horse  ',  the  sow  f,  the  rabbit*,  the  ox}. 
Earthy  phosphate.  These  calculi  belong  chiefly 
e  carnivorous  animals»  and  seem  first  to  have  been 
examined  by  Dr  Pearson,  They  consist  sometimes  of 
Ipbosphate  of  lime  and  animal  matter,  sometimes  of  a 
I  mixture  of  phosphate  of  lime  and  phosphate  of  ammo<* 
^  nia-and-magnesia  and  animal  matter.  They  have  beca 
^  found  in  the  bladder  of  the  dag  j,  the  hog  ||,  the  rat  ^, 
^and  the  cat  ^  :  And  a  calculus  from  a  horse,  examined  | 
bj  Dr  Pearson,  was  obviously  composed  of  the  two 
il^bosphatcs. 

^Ks,  Oxalate  of  lime.  Calculi  composed  of  this  sub- 
^^mkct  have  been  recently  delected  by  Fourcroy  and 
^^auquelin  from  the  bladder  of  the  dog  and  the  rat  **. 

'        ^  Pcanoa.  f  Bingtifttelli  ttid  Fourcroy.  X  Fourtf07« 

j  Pcmoo.  fl  Bartholdi*  |  Fourcroy  and  yjiQ(|ueU|}. 

««  dim  4a  Mm,  ftJiiii.  Ne^.v9*  33!. 
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The  follawing  table  cxhibiti  a  iriew  of  the  eooita* 
cnts  of  the  calculi  of  dtff'crcQt  ammsU  amiljicd  t»/  lb 
firancle  ; 


Phosphate  of  lime 
Carbonate  of  lime 
Phosph .  of  mag.    7 
and  ammonia     3 
Animal  matter 
Loss 


Hone  •. 


Do^ 
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Several  caletili  from  the  bladder  of  the  oat,  likenfk 
rsamincd  by  Mr  Brande,  were  composed  of  csMhtfim 
of  lime  and  animal  matter +. 

Thus  it  appears  that  the  calciiU  of  calrniroro«fs&i« 
malt  re$emble  the  human  in  iheir  com  post  lion,  escc^ 
ing  that  uric  acid  has  never  been  detected  in  them. 

V.   GOUTT  CONCRETTOVf. 

It  is  well  known  that  concretions  occnsionajir  muf 
thctr  appearance  in  joints  long  subject  to  gout,  *Thm 
coricrefions,  from  their  colour  and  softnctt,  have  HtA 
ved  the  name  of  chali  Hones.    They  are  utual] v  tuadfy 


•  The  6nt  calcului  xo  the  ulle  wai  fnmi  the  kidney,  ifl  Oie  rai 
wrrf  from  tb<  bladiter* 
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Mtough  they  have  been  observ^ed  of  the  size  of  sne^g  *- 

It  had  long  been  the  opinion  of  physicians  that  these 

concrcrions  were  similar  to  the  urinary  calculi.     Of 

[ii»€»  after  the  discovery  of  uric  acid  by  Scheele,  it 

iras  usual  to  consider  the  gouty  chalk  stones  as  collec* 

tions  of  that  acid.     They  were  subjected  to  a  chemical    Contut  of 

urate  of  lo* 
aalysis  by  Dr  Wollaston  in   1797,  who  found  them  da, 

Smposed  of  uric  acid  and  Soda. 

Gouty  concreiions  are  soft  and  friable.  Cold  watcf 
as  little  effect  upon  them  ;  but  bottlng  water  dissolves 

small  portion*     If  an  acid  be  added  to  this  solutlani 

aall  crystals  of  uric  acid  are  deposited  on  the  sides  of 
ke  vesseL 

These  concretions  arc  completely  soluble  in  potash 
'llhcn  the  action  of  the  alkaline  solution  il  assisted  by 
fcear. 

When  treated  with  diluted  sulphuric  or  with  muria^ 
ftcacidf  the  soda  is  separated  ;  but  the  uric  acid  remains, 
mod  may  be  separated  by  filtration.  The  liquid,  wheh 
evaporated,  yields  crystals  of  sulphate  or  muriate  of 
soda,  according  to  the  acid  employed.  The  residuum 
possesses  all  the  characters  of  uric  acid.  When  distil- 
led it  yields  ammonia,  prussic  acid,  and  the  acid  subli- 
mate of  Scheele.  When  dissolved  in  a  little  nitric  acid, 
it  tinges  the  skin  df  a  rose  colour,  and  when  cvaporatcfl 
kaves  a  rose.colourcd  dclquescent  residuum.  It  is  so- 
luble in  potash,  and  may  be  precipitated  by  any  acid, 
mud  by  ammonia  ;  first  in  the  stale  of  a  jelly,  and  then 
freaking  down  into  a  white  powder. 


•  Scvtrimif* 


To/,  r. 


The  liquid  called  put  U  secreted  from  the  surface  of 
inflamed  part,  and  usually  nioderates  aod  terminates 

iie  inflammation*    It  assumes  difFereni  appearanoes  ic* 
icording  to  the  sUte  of  the  sore.     When  it  indicates  a 
healing  sore,  it  is  called  healthy  ot  good-conditioned  ^m* 
flhh  liquid  possesses  the  following  properties  : 
\     It  is  of  a  yellowish-white  colour,  and  of  the  consist.   Pmpfnie* 
(fence  of  cream.     Its  taste  is  insipid,  and  it  has  no  smell   Z^^^^  ' 
Nvhen   cold.     Before  the  microscope  it  exhibits  the  ap- 
hpearance  of  vrhtte  globules  swimming  in  a  traospareut 
Moid  «. 

It  prodaces  no  change  on  vegetable  blues +•     When 
(exposed  to  a  moderate  heat  it  gradually  dries,  and  as*     , 
pumes  the  appearance  of  horn*     When  exposed  to  de- 
^Structive  distillation,  Bergman  obtained  first  about  one- 
tfourth  of  the  pus  in  the  state  of  insipid  water.     On  in- 

reastng  the  fire^  a  liquid  came  over,  containing  abuil- 
yinnce  of  ammonia,  and  accompanied  by  gaseous  bodies^ 
lUrhich  Were  not  examined*  Some  concrete  carbonate  of 
iSfonvonia  sublimed,  accompanied  by  empyreumatic  oil* 
Jl  light  brilliant  coal  remained  of  dilBcult  incineration* 
|Brhc  ashes  gave  traces  of  iron  J. 

\     When  pus  is  left  exposed  to  the  air,  it  gradually  be* 
comes  acid,  according  to  Hildebrant ;  and  HaJIer  af« 


Such  are  the  properties  of  health j  pus  Hitherto  ob- 
served by  chemists*  They  indicate  a  considerable  ana- 
logy with  albumen.  Various  observations  have  been 
made  to  enable  physicians  to  distinguish  pus  from  the 
amucus  of  the  internal  cavities,  especially  of  the  lungs. 

tnses  of  copious  expectoration^  it  is  sometimes  of 
sequence  to  know  whether  the  matter  thrown  out  of 
the  lungs  is  pus  or  mucus.     Mr  Charles  Darwin  made 
a  set  of  experiments  on  the  subject,  and  pointed   out 
three  criteria  which  distinguished   pus,     1^  Sulphuric 
acid  dissolves  it.     When  the  solution  is  diluted  the  pua 
precipitates  j  but   mucus  treated  in  the  same  manner 
swims.     But  this  distinction  depends  upon  the  quantity 
of  water  added,  and  is  therefore  ambiguous.    2.  Pus  is 
diffusible  through  diluted  sulphuric  acid,  through  water, 
mnd  through  brine;  but  mucus  is  not.     S.  Alkaline 
I  leys  dissolve  pus  ;  water  precipitates  pus  thus  dissolved^ 
but  not  mucus.      How  far  these  two  last  distinctions 
can  be  trusted,  is  rather  doubtful.    Graimeyer  has  pro- 
posed the  following  method,  which  he  considers   as 
complete.     Triturate  the  substance  to  be  tric<l  witli  an 
equal  quantity  of  warm  water  ;  then  add  to  it  an  equal 
portion  of  a  saturated  solution  of  carbonate  of  potash, 
^■B  set  the  mixture  aside.     If  it  contains  pus,  a  trans* 
^^rent  jelly  subsides  in  a  few  hours  ;  but  this  does  not 
happen  if  only  mucus  be  present  *. 

2.  When  the  ulcer  is  ilUcondidoned,  the  pus  secreted 
in  it  possesses  different  properties.  It  has  usually  a  f^» 
tid  smell,  is  much  thinner,  and  to  a  certain  degree  acrid. 
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Crawford  found  that  the  odour  of  thu  mzktcr  was  com- 
pletely destroyed  bj  oxymuriatic  acid  j  and  therefore 
recommends  it  as  a  proper  substance  for  waahing  can- 
orous ulcers* 

4.  Besides  the  species  mentioned  above^  thert  are 
many  others  which  we  know  from  their  eff'ects  to  be 
peculiar^  though  we  cannot  find  any  chemical  distinc- 
tions between  them  sufficienllj  well  marked.  But  that 
they  are  specifically  diiierent  cannot  be  doubted,  if  we 
considtr  thai  every  one  of  ihem  produces  a  disease  pe- 
culiar to  itself.  The  matter  of  small  pox,  of  venereal 
ulcers,  of  cow-pox,  &jc.  may  be  mentioned  at  in- 
ttanoes* 


11.    LiQpoR  OF  Dropsy. 

The  liquor  which  fills  the  cavities  of  the  body  tn 
c»pfy  has  a  yellowish  green  colour,  and  is  sonnetimes 
turbid,  sometimes  nearly  transpareot.  A  few  experi« 
meots  on  a  colourless  liquor  extracted  from  a  dropsical 
patient  have  been  published  by  Wurxer:  from  which 
ii  appears  to  have  contained  albumen,  mucus,  sulphu- 
reted  hyrogen,  phosphate  of  lime,  and  muriate  of  soda, 
mad  soda  *.  To  Dr  Bostock  we  are  indebted  for  an 
examination  of  the  colourless  liquid  obtained  by  punc- 
turing a  tumor  in  the  spine,  formed  in  the  disease  called 
sfina  bifida.  It  was  slightly  opaque,  and  did  not  alter 
vegetable  blues;  heat  increased  its  opacity,  but  did  not 
coagulate  it.  Its  constituents  were  found  to  be  as  foU 
lows: 


«  achlcn*!  ^nr*  v.  665. 
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Muriate  of  soda  •••  i«o 
Albumeo ,..,•  0*5 

'^^^^ ^     >  proportions  conjectuni 

Gelatine 0-2  5       ^ 

Lime,  a  trace 


lOO'O* 

III.    LifU'oa  OF  Blisters. 

The  liquid  which  makes  its  appearance  whea  tlie 
epidermis  is  raised  into  blisters  is  perfectly  transpiR|t 
aod  liquid.  When  the  blisters  are  artificial,  it  is  bid* 
ally  yellow,  and  has  the  odour  of  the  blistering  plaatr. 
From  the  experiments  of  Margueron,  we  learn  that  itis 
composed  of  the  same  constituenu  as  the  senu^of  tk 
Uood.  From  4^00  parts  of  this  liquid  he  obtained 
36  albumen 

4  muriate  of  soda 

5  carbonate  of  soda 
2  phosphate  of  lime 

156  water 

200 1 


Thus  I  have  given  an  account  of  all  those  secretiov 
which  hare  been  a!tentivclj  examined    by  chemisn. 


#  N«sfcOMl*f  /wr.  lit.  145.  f  Amm,  dr  Clim.  ur,  ;: 
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CHAP.    III. 
OF   TIIE   FUNCTIONS   OF   ANIMALS. 


jThe  intention  of  the  two  last  Chapters  waitoexKi 
bit  a  view  of  the  different  substances  which  enter  i«b 
the  composition  of  animals,  as  Hv  as  the  present lidk 
ed  state  of  our  knowledge  puts  it  in  our  power.  M 
were  our  inquiries  concerning  animals  confined  toll 
mere  ingredients  of  which  their  bodies  are  compoa^ 
even  supposing  the  analysis  as  complete  at  poaikl^ 
our  knowledge  of  the  nature  and  properties  of  aniarii 
would  be  imperfect  indeed. 

How  are  these  substances  arranged  ?    How  are  tkj 
produced  ?  What  purposes  do  they  serve  ?  What  ta 
the  distinguishing  properties  of  animals,  andtheJan 
bj  which  thcjr  are  regulated  ? 
Animalcre-        Animals  resemble  vegetables  in  the   complexoearf 
gcubkt.       their  structure.     Like  them,  they   are  machines  niolf 
adapted  for  particular  purposes,  constituting  one  whol^ 
and  continually  performing  an  infinite   number  of  the 
most  delicate  processes.     But  neither  an  account  of  Ae 
structure  of  animals,  nor  of  the  properties  which  ditfisi 
gui^h  them  from  other  beings,  will  be  expected  hati 
These  topics  belong  entirely  to  the  anatomist  and  pbj* 
siologist.    1  mean  in  the  present  Chapter  to  take  a  vier 
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l!ioi€  processes  only  that  are  coftcerned  (n  the  /Jro-   f^^P-  ^ 

"tion  of  animal  substances^  which  alette  properly  be- 

[long  to  Chemistry^     The  other  futictioDS  we  regulated 

by  laws  of  a  very  diffcfeni  nature^  which  have  no  rc- 

sembhace  or  analogy  to  the  laws  of  Chetntstry  or  Me« 

[rlianics. 


SECT.  I, 

OF  DlGESTIO^r, 


ERt  body  knows  that  animals  require  food,  and  that  F"«*  nec^ 
die  sooner  or  later  if  food  be  withheld  from  them*  **'^^* 
,Tbere  is  indeed  a  very  great  diiTerence  in  the  quart- 
ijlty  of  food  which  animals  require,  and  in  the  time 
which  they  can  pass  without  it.  In  general^  those  znu 
Is  whicK  are  most* active  require  most,  and  those 
ioh  are  most  indolent  require  least  food.  The  cause 
ftf  this  ie  pretty  obvious  i  the  bodies  of  animals  do  not 
imain  stationary,  they  are  constantly  wasting ;  and  the 
mste  is  proportional  to  the  activity  of  the  animal* 
Hence  the  body  must  receive*  from  time  to  time,  new 
applies,  in  place  of  whst  has  been  carried  off.  The 
Lse  of  food  answers  this  purpose. 

2*  We  are  much  better  acq^ininted  witb  the  food  of  lUDatiarcr 
mitnals  than  of  vegetables*  It  consists  of  almost  all  the 
otimal  and  vegetable  substances  which  have  been  treat-^ 
ed  of  in  this  and  the  preceding  Book  :  for  there  arc  but 
ry  few  of  tfiem  which  some  animal  or  other  does  nol 
e  as  food.  Man  uses  as  food  chiefly  the  muscles  of 
imalS|  the  seed  of  certam  grasses,  and  a  variety  of 
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into  cKynic 
m  the  ftto- 


*wfc  ^'  vegetnble  fruits.  Almost 
particular  substances  on  vr\ 
Some  of  them  feed  on  ani 
Man  has  a  greater  range  ; 
number  of  substances.  T 
would  be  useless  ;  as  we  a 
accuracj  what  it  is  whicl 
nourishing  than  another. 

Manj  substances  do  not 
and  not  a  few^  instead  of  n< 
last  are  called  poisons,  Soi 
decomposing  tlie  animal  b 
not  so  well  understood. 

3.  The  food  is  introd 
mouth,  and  almost  all  a 
pulpj  consistence.  In  m 
this  is  done  in  the  mouth 
liva  with  which  it  is  then 
mals  gfiiid  their  food  in  a 
food  has  been  thus  grour 
stomachy  where  it  is  sub 
stomach  is  a  strong  soft  1 
ferent  animals  :  in  man  ii 
bag  of  a  6a^  pipe.  In  th 
into  a  soft  pap,  which  ha 
when  first  intr-zduced.    Th 

4.  Since  chyme  possesi 
dent  that  the  food  has  unc 
stomachy  and  that  the  ingr 
posed  have  entered  ii^to  i 
what  manner  have  these  c 

At  first  they  were  ascril 
of  the  stomach*     The  fc 
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her  triturated  in  that  organ :  and  being  long  agit&tcd    ^*F'  HI* 
kwards  aad  forwards  iR  it,  was  at  last  reduced  to  a  ThUdwnyi 
palp*     But  this  opinion,  upon  examination,  was  found   ^^r\f^^f^ 
tiot  to  be  true*    The  cxpcrinnenttof  Stevens,  Reaumur,  **;^'}  »«f«» 
and    Spalianzant,  demonstrated  that  the  formation  of  madw 
chyme  is  not  owing  to  trituratioo  ;  for  on  inclosing  dif- 
ferent kinds  of  food  in  tnetaUtc  tubes  and  balls  full  of 
tioles,  in  such  a  manner  ss  to  screen  tfaens  from  the  ni€* 
chanical  action  of  the  stomach,  they  found  that  these 
substances,  after  having  remained  a  sufficient  time  ia 
the  stomach,  were  converted  into  chyme,  just  as  if  ihcj 
llad  not  been  inclosed  in  such  tubes*      Indeed  the  opi- 
nion was  untenable,  even  independent  of  these  decisive 
experiments,  the  moment  it  was  perceived  that  chyme 
differed  entirely  from  the  food  which  had  been  taken; 
that  is  to  say,  that  if  the  same  food  were  triturated  rac- 
cbanically  out  of  the  body,  and  reduced  to  pap  of  pre-> 
cisely  the  same  consistence  with  chyme,  it  would  not 
possess  the  same  properties  with  chyme  j  for  whenever 
this  fact  WAS  known,  it  could  not  but  be  evident  that 

i    ^    the  food  had  undergone  changes  in  its  cooiposition. 

^.y    The  change  of  food  into  chyme  therefore  was  ascri 
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Atcribodtd 
ed  by  many  to  fermentation.     This  opinion  is  indeed   fcrineou- 

rery  ancient,  and  it  has  had  many  zealous  supporters 


among  th«  modems.  When  the  word  firmentaiion  wa« 
applied  lo  the  change  produced  on  the  food  in  the  sto- 
inach,  the  nature  t>f  the  process  cziUd  ferment  at  ion  was 
.  altogether  unknown*  TJic  appearances,  indeed,  which 
take  place  during  that  process  had  been  described,  and 

the  progress  and  the  result  of  it  were  known  :  but  no 
Itcmpt  had  been  made  to  explain  the  cause  of  fcrmen- 
ation,  or  to  trace  the  changes  which  take  place  during 
Is  cootiuuaace*     All  that  could  be  meant^  then,  bj 
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But  with- 


sajing  that  the  conversion 
ttomach  is  owing  to  ferme 
unknown  cause  which  act 
vegetable  substances  into  i 
putrefaction,  acted  also  di 
food  into  chjme,  and  that 
predaelj  the  same.  Ace 
this  opinion  attempted  to  | 
generated  in  the  stomach,  a 
ly  produced :  for  it  was  th 
tatjons  which  were  assign 
physiologists  as  the  cause  i 
Some  indeed  attempted  to 
by  the  putrefactive  ferm 
was  inconsiderable,  compi 
the  other  opinion. 

Our  ideas  respecting  fer 
more  precise.  It  signifies 
takes  place  when  certain  a 
are  mixed  together  at  a 
consequent  production  of 
therefore  the  conversion  oi 
ing  to  fermentation,  it  is  c 
pendent  of  the  stomach  a 
temperature  ;  and  that  the 
to  chyme  exactly  in  the  sa 
ced  to  the  same  consister 
temperature  out  of  the  bod 
the  case  ;  substances  are  re 
in  a  short  time  in  the  stoi 
unaltered  for  weeks  in  tl 
the  body.  This  is  the  c 
experiments  of  Stevens  ani 
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toon  digested  in  the  stomach  of  the  dogi  Further,  if  .t^*»P''<^^ 
conversion  of  food  into  cbym^  were  owing  to  fer- 
mationi  ti  onght  to  goon  equally  well  in  the  stomach 
I  Cfsop^agus*  NouTy  it  was  observed  long  ago  by 
jrand  Boyle,  that  when  voracious  fish  had  swallowed 
Imals  too  large  to  be  contained  in  the  stomacht  that 
rl  only  which  was  in  the  stomach  was  converted  iato 
^flie,  while  what  was  in  the  aesophagus  remained  en* 
e ;  and  this  has  been  folly  confirmed  by  subsequent 
servaiions. 

Still  farther,  if  the  conversion  were  owing  to  fermen* 
ion,  it  ought  always  to  take  place  equally  well,  pro>«. 
led  the  temperature  be  the  same,  whether  the  sto* 
kch  be  in  a  healthy  state  or  not.  But  it  is  well  known 
tt  this  is  not  the  case.  The  formation  of  chyme  de» 
[ids  very  ranch  on  the  state  of  the  stomach.  Whca 
|^»rgan  is  diseased,  digestion  is  constantly  ill  perform- 
Bln  these  cases,  indeed,  fermentation  sometimes  ap« 
ars,  and  produces  flatulence,  acid  eructations,  ficc* 
ndl  are  the  well-known  symptoms  of  indigestion. 
hese  facts,  which  have  been  long  known,  are  incom-* 
table  with  the  supposition,  that  the  formation  of 
jrme  is  owing  to  fermentation.  Accordingly  that  opi- 
>ii  has  been  for  some  time  abandoned,  by  all  those  at 
l^it  who  have  taken  the  trouble  to  examine  the  subject* 
Bke  formation  of  cbf  me,  then,  is  owing  to  the  sto«  Owing  to 
Hi ;  and  it  has  been  concluded,  from  the  experiments  ^f^the  k^ 
^Btevens,  Reaumur,  Spallanzani,  Scopoli,  Brugna^  ukjuioe^ 
HCarimini,  &c.  that  its  formation  is  brought  about 
>^the  action  of  a  particular  liquid  secreted  by  the  sto- 
Bch,  and  for  that  reason  called  gaxiric  Juice. 
That  it  IS  owing  to  the  action  of  a  liquid  is  evident  i 
ecaosCi  if  pieces  of  food  be  inclosed  in  close  tubes^ 
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e  gastric  juJce  does  not  continue  tlways  of  the  Cfatp>  tin 
iagDC  nature,  even  in  the  same  animal ;  it  changes  gra- 
pduallj  according  to  circumstancct.  Graminivorous  ani* 
mals  may  be  brought  to  live  on  animal  food ;  and  af» 
iter  thcjr  have  been  accustomed  to  this  for  some  Umt^ 
llKeir  stomachs  become  incapable  of  digesting  vegeta« 
)M€S*  On  the'other  hand,  those  animals  which  naturally 
Ingest  nothing  but  animal  food  may  be  brought  to  digest 
)iregetables; 

,  5-  What  is  the  nature  of  the  gastric  juice  which  pos- 
(ttsses  these  singular  properties  ?  It  is  evidently  differ- 
!Qt  in  different  animals  ;  but  it  is  a  very  difficult  task, 
Dot  an  impossible  one,  to  obtain  it  in  a  state  of  purity, 
ious  attempts  have  indeed  been  made  by  Very  in-  Methodic? 
ious  philosophers  to  procure  it ;  but  their  analysis  fz, 
ht  it  is  sufficient  to  show  us  that  they  have  never  ob- 
Itntd  it  in  a  state  of  parity. 

Xhe  methods  which  have  been  used  to  procure  gas* 
ic  juice  2LTt^J!rst,  to  kill  ihe  animal  whose  gastric  juice 
;  to  be  examined  after  it  ba^  fasted  for  some  time.  By 
\%%  method  Spallanzani  collected  3  7  spoonfuls  from  the 
ro  fir«t  stomachs  of  a  sheep.  It  was  of  a  green  colour, 
i^oubtedly  owing  to  the  grass  which  the  ammal  had 
rten.  He  found  also  half  a  spoonful  in  the  stomach  of 
one  young  crows  which  he  killed  before  they  had  left 
s^ir  nest. 
Small  tubes  of  metal  pierced  with  holes,  and  con- 
liniDg  a  dry  sponge,  have  beeti  swallowed  by  animals  | 
id  when  vomited  up,  the  liquid  imbibed  by  th^  sponge 
ueezed  out.  By  this  method,  Spallanzani  collect- 
[4Bi  grains  of  gastric  juice  from  the  stomachs  of  five 


A  ibird  method  consists  in  exciting  vomiting  in  the 
.>W.  K  Y  y 
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swallowing  air,  has  employed  tl 
gastric  JQice. 

Spallanzani  has  observed  that  i 
morning  a  qaantity  of  liquid,  whi 
trie  juice ;  and  he  has  availed  hii 
it  in  considerable  quantities. 

It  is  almost  unnecessary  to  r< 
these  different  methods  are,  and 
sion  drawn  from  the  examinatioi 
deviate  from  the  truth.  It  is  imf 
juice  obtained  by  any  one  of  tl* 
pure  ;  because  in  the  stomach  i 
mixed  with  large  quantities  of  sal 
&c.  It  may  be  questioned,  indc 
trie  juice  at  all  can  be  obtained  fa 
as  the  intention  of  the  gastric  ji 
food  into  chyme,  in  all  probabili 
or  at  least  thrown  into  the  stom» 
sent. 

We  need  not  be  surprised,  the 
accounts  oooceming  its  nature,  gi^ 
•ophers  who  have  attempted  to  ex 
late  not  so  much  to  the  gastric  in 
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According  to  BrugnaletU^  the  gastric  juice  of  camu 
l^orous  animals,  as  hawks,  kites,  &c.  has  an  acid  and 
t^smous  odour,  is  very  bitter^  and  not  at  all  watery  ; 
and  is  composed  of  an  uncombined  acid,  a  resin,  ao  ani* 
fnal  substance,  and  a  small  quantity  of  muriate  of  soda  ^. 
The  gastric  juice  of  herbivorous  animals^  on  the  contra- 
,  as  goats,  sheep,  &lc,  is  very  watery^  a  liltlc  muddyy 
a  bitter  saltish  taste^  and  contains  ammonia,  an  ani- 
al  extract,  and  a  pretty  large  quantity  of  muriate  of 
sodat*    Mr  Carmiuatt  found  the  same  ingredients;  but 
be  supposes  that  the  ammonia  had  been  formed  by  the 
putrefaction  of  a  part  of  their  food,  and  that  in  reality 
tfie  gastric  juice  of  these  animals  is  of  an  acid  nature  t* 
The  accounts  which  have  been  gi%'en  of  the  gastric 
juice  of  man  are  so  various,  that  it  is  not  worth  while 
to  iraascribe  them.     Sometimes  it  has  beeu  found  of  an 
tt^d  nature,  at  other  times  nott      The  experiments  of 
Spallanzani   are  sufCcient  to  show  that  this  acidity  is 
:=: .  sot  owing  to  the  gastric  juice,  but  to  the  food.     He 
never  found  any  acidity  in  the  gastric  juice  of  birds  of 
prey,  nor  of  serpents,  frogs,  and  fishes.      Crows  gave 
I     tto  acidulous  gastric  juice  only  when  fed  on  grain  ;  and 
Lr    lie  found  that  the  same  observation  holds  with  lespect 
^  «>  CO  dogs,  herbivorous  animals^  and  domestic  fowls.  Car- 
^voroua  birds  threw  up  pieces  of  shells  arid  coral  with* 
out  alteration  ;  but  these  substances  were  sensibly  di* 
minished  in  the  stomachs  of  hens,  even  wheii  inclosed 
in  perforated  tubes.  Spailaoxani  himself  swallowed  cal- 

Ereous  substances  inclosed  in  tubes  ;  and  when  he  fed 
vegetables  and  fruits,  they  were  sometimes  altered 
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If*  efl«ct  on 
the  (uod. 


aod  a  Hiilc  dicniaisbed  in  woighl^  iust  as  if  1I1C7  h| 
been  put  into  weak  vinegar  ;  but  wheo  be  tiardidf 
atiimal  food|  they  camo  out  untouched*  Aec6tflii|to 
thii  philoiophcr^  whose  experiments  have  btco  hf  i^ 
the  mott  autnerouj,  the  gastric  juice  is  oaiuraUji^ 
ther  acid  not  aik aline.  When  poured  on  the 
of  poUsl),  it  causes  00  effervescence. 

Such  are  the  results  of  the  experimenta  on  tile  joi 
taken  from  the  itomach  of  animais.    No  cotidi 
be  drawo  from  tliem  respecting  the  nature  of 
trie  juice.     But  from  the  experiBCfttairkicfa 
made  on  the  digestion  of  the  stooiacii^ 
SpaUaniani^  the  following  ficta  are  rstnbli»bed« 

The  gastric  juice  attacks  the  stirface  of 
to  the  particles  of  then],  which  it  carries  off, 
be  separated  from  them  hy  filtxatioo.     It 
■MM  MCfgX  and  rapidity  the  more  the  food  U 
and  Its  action  is  increased  bj  a  warm  te 
food  i$  not  merely  reduced  to  very  rntnote  pialii 
taite  and  smell  are  quite  changed  ;  its  sexiiahk 
ties  are  destroyed^  and  it  acquires  new  and  ^*cry 
ent  ones.     Thia  juice  does  not  act  as  a  ferment 
from]  it,  that  it  is  a  powerful  antiseptic,  and 
stores  flesh  already  putrefied.    There  is  not  the 
appearance  of  such  a  process  j   indeed »  when 
is  renewed  frcciuentty,  as  in  the  stomachy 
dissolve  in  it  with  a  rapidity  which  excludes  all  ifa 
fermentation.    Only  a  few  air  bobhlea  mnfce  their 
cape»  which  adhere  to  the  eJemcntary  mstter,  and 
it  up  to  the  top,  and  which  are  probably  cxtriciled 
the  heat  of  the  solution* 

With  respect  to  the  substances  contained  in  the 
mach,  only  two  facts  have  been  perfectly 
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tint  is,  that  the  juice  contained  in  the  stomacTi  of   ^«1>  HI. 
»zeo,   cialvesy  sheep,  iovariablj  contaitis   uncombined   Suh^tante* 
bosphoric  acid,  sis  Macquart  and  Vatiquclb   have  de-   ^{1^"^^^'* 
EStrated  :  The  second,  that  the  jatce  contained  in  the  "^^^ 
lloisiacfay  and  even  the  inner  coat  of  the  stomach  itself, 
bfts  the  property  of  coagulating  milk  and  the  serum  ot 
klood.     Dr  Young  found  that  seven  grains  of  the  in*' 
^WMU  coat  of  a  etlPs  stomach,  infused  in  water,  ga:ve  s 
'Squid  which  coagulated  more  than  iOO  ounces  of  m:lk  f 
'tfiat  is  to  say,  more  than  6857  times  its  own  weight  j 
^mmd  yvt,  in  all  probability,  its  weight  was  not  much  dt- 
*  punished. 
pfe       What  the  substance  is  which  possesses  this  coagula- 
Kv»  ling  property,  has  not  yet  been  ascertained  ;  hut  it  is 
P<  ^evidently  not  very  soluble  in  water  :    for  the  inside  of 
\  **  4  calf's  stomach,  after  being  steeped  in  water  for  sri:  v^ 

EA  JKmrs,  and  then  well  washed  with  water,  still  finmishes 
K  m  liquor  on  infusion  which  coagulates  milk  ^  :  And  Dr 
-  Young  found  that  a  piece  of  the  inner  coat  of  the  sto- 
^a  «»ch,  after  being  previously  washed  with  water,  and 
f  t  tfien  with  a  diluted  solution  of  carbonate  of  potash,  still 
in  afforded  a  liquid  which  coagulated  milk  andsemm* 
KJ  ^  II  is  eVidenti  from  these  ^cts,  that  this  cosgulating 
p^  fuWance,  whatever  it  is»  acts  very  powerfully ;  and 
Lc  tiiat  it  is  scarcely  possible  to  separate  it  completely  from 
■i  <ilie  stomach*  But  we  know  at  present  too  little  of  the 
pa  nature  of  coagulation  to  be  able  to  draw  any  iofercnce 
^^rom  these  facts.  An  almost  imperceptible  quantity  of 
^Bk^tnc  substances  seems  to  be  sufEcient  to  coagulate  milk : 
ll  ^or  Mr  Vaillant  mentions,  in  his  Travels  in  Africa,  that 
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m  poreelaio  dUh  ivhtch   he  procoredy  ind  whtdi 
Iftitt  for  some  yean  at  the  bottom  of  the  les^ 

scs&edp  in    coniequencep   the    property  of  eoagvltti 
milk  when  put  into  it }  yet  il  c^nnnntuitcatd 
to  ihiB  milkp  and  did  not  differ  in  •ppemnnee 
copff. 

It  lA  probable  that  the  saliva  is  of  serrirc  m 
Tcrsion  of  food  into  chjnic  as  weli  as  the  gaMi 
It  eridentlj  serves  to  dilute  the  food  ;  and 
tnty  be  serviceable  also  by  commiiiiicmting  ojLrps* 

e.  The  chymep  thus  formed,  passes  from  the 
into  the  intestines,  where  it  is  subjected  to  new 
and  at  last  converted  into  t^Mro  verj  diScreni  sol 
chyle  and  excreroeniitious  matter. 

The  ehyh  is  a  white- coloured  liqutd,  \*ery  tsod 
scmbling  milk.  It  is  exoeedin^ly  difiicult  to  cafla 
in  any  considrrable  quantity,  and  for  that  rcasonni 
never  bem  Accurately  aniilysed.  We  know  onlyioj 
neral  that  it  resembles  milk  ;  cootainin^»  like  it,ii 
buminous  part  capable  of  betn^  troagulated,  a  mi 
Md  globules  which  have  a  resemUance  to  Cfean*, 
eon  tains  also  different  salts  ;  and,  according  io 
tiibstAnce  scarcely  diiTcring  from  the  sugar  of  milk.  I 
iCbarlcs  Smiili  of  New  Jersey  relates  an  inatncesl 
dropsy  of  the  abdomen,  in  which  the  liquid  acm 
ipptars  to  have  been  chyle.  The  patienip  a  bojtwdil 
years  of  age,  was  tipped  twice,  and  each  time  htmm 
aeven  and  eight  quarts  of  liquid  abstracted*  lurnkm 
was  chalky- white,  and  resembled  milk  pretty  neit^ 
both  in  its  taste,  smeil,  md  appearance.     On 
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Its  formi- 
tion  a  che- 
mical prOi» 


^it  threw  up  a  good  crtram,  though  not  so  much  Cliip 
|io  proportion  as  co^^s  milk  usually  does  *. 
\  1*  Concerning  the  process  by  which  chyle  is  formed 
Ibom  ebymef  scarcely  any  thing  is  known.  It  does  uot 
appear  that  the  chyme  is  pre cistiy  the  same  in  all  ani^ 
^aU ;  forthoac  which  arc  herbivorous  Lave  a  greater 
leogih  of  intestine  than  those  which  are  carnivorous. 
It  is  certain  that  the  formation  of  the  chyie  is  brought 
ftboot  by  a  clietnical  change,  ahliough  we  carmot  say 
prectsdy  what  that  chat-gc  is,  or  what  the  agents  arc 
py  which  it  is  prodtic^^d.  Bi»t  that  the  change  is, clie- 
inical,  is  evident,  br^c^u^e  the  chyle  is  entirely  differenty 
ilK>th  in  its  propertiei  and  appearance^  from  the  chyme. 
{The  chyme»  by  the  action  of  the  intestit^es^  is  separated 
jpalo  two  parts,  chyle  and  tjcciement ;  (he  fir^t  of  which 
is  ab&orbcd  by  a  number  ot  small  veiscli  called  lactcals; 
|he  second  is  pushed  along  the  inttsiinal  capal,  and  at 
last  thrown  out  of  the  body  altogether. 
f  After  the  chyme  has  been  cpn verted  tulo  chyle  and 
MCtemcnt,  although  these  two  substances  remain  mix- 
pd  togeUier,  it  does  not  appear  (hat  they  are  able  to  dc* 
compose  each  other  ;  for  persons  have  been  known  seU 
pom  or  never  to  emit  any  excrement! tious  matter  per 
^ptoiim  for  years*  In  these,  not  only  the  chyle,  but  the 
rxcrementitious  matter  also,  was  absorbed  by  the  lac« 
Icals ;  and  the  excrement  was  afterwards  thrown  out 
of  the  body  by  other  outlets,  particularly  by  the  skin  : 
ill  consequence  of  which,  those  persons  have  constantly 
Ihat  particular  odour  about  them  whkh  distinguishes 
fcjocrement*    Now,  in  these  persons  it  is  evident  that  the 


ur. 


*  ^iiit*  M«i*h,  i6* 


113  AKtifAL  rmreYionu 

BMi  V*    fSqrte  Md  ejcer em^it,  tboogli  mboe 

absorbed  togctticrp  did  not  acl  on  each  other  i  hmmt 
these  pcrioitt  have  bcai  known  m  eajaj  good  holA 
fop  yeariy  which  cauld  ool  hive  fana  ibe  caa«  hiiii 
chyle  been  destroyed. 

h  his  becfi  supposed  by  some  ihai  the 
of  the  ehyinei  aad  the  fonniiioo  o£  chjVct  is 
by  the  agency  of  tht  bUe^  which  is  poored  ooi  ih» 
daotlj,  ^nd  mixed  widi  the  cbynM^  soon  sftet  ia  i^ 
trance  into  the  intestines.     If  tliis  theory  fpcro  tra^a 
chyle  could  be  formed  whenever  any  acdd«tiC  fmm> 
ed  the  bile  from  passing  into  the  intetuoal  canil :  k 
^his  is  obviously  not  the  ease ;  for  Ire^jtteot  iiifwi 
have  occurred  of  persons  labouring  under  jmadie^lsl 
the  bile  ducts  being  stopped^  either  by  galknaasg 
some  other  cause,  so  completely^  that  iso  hilt  eoalipa 
into  the  intcHttnea;  yet  these  persoos  have  itttiiiKi 
considerable  time  in  tli  Jt  state.    Consequently  dt|i^Ak 
•nd  therefore  the  formauon  of  chyie^  must  be  paflf 
independent  of  bile« 

The  principal  use  of  the  bile  aeetns  to  be  to  if  m;i^ 
the  excrement  from  the  chyle,  after  both  hive  b«s 
formed^  sind  to  produce  the  evacuitioo  of  the  uok 
inent  out  of  the  body.  It  is  probable  that  iNit  ai 
itances  would  remain  mixed  together^  and  that  llij 
would  perhaps  even  be  partly  ahsothed  togethcfi  aoi 
it  pot  for  the  bile,  which  seems  to  combine  aiik  Ai 
excrcmenf,  and  by  this  combinattoti  to  facilitate  iii» 
paration  from  the  chyle,  and  thus  to  prevent  itsibia|> 
tion*  Fourcroy  supposes  that  tbe  bile^  la  aooaaiiiii 
mixed  with  the  contents  of  the  iiitestinml  ciaa), 
a  dccom position ;  that  its  alkali  and  saline  ingrtdioQ 
combine  with  the  chyle^  md  render  it  mocc  lioa^ 
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iiilc  Its  albumen  and  resin  combine  with  tbc  escie*    Chip^nit 

ntitious  maiter,  and  gradually  render  thtm  less  fluid  ••  ' 

from  the  late  e^tperiments  of  BerKelius  on  feces,  da« 

kiled  in  the  preccdiag  Chtpter,  it  caiiD<»t  be  doubted 

that  the  coa&tituents  of  the  bile  are  to  be  found  io  the 

excrementitiouf  matter ;  So  that  the  ingenious  tbeorj 

of  FourcTDj  is  so  far  probable.     The  biie  aho  stimu* 

lHea  the  intestinal  canal,  and  cau»e»  it  to  evacuate  its 

contents  sooner  than  it  otherwise  would  do ;  for  when 

there  is  a  deficiency  of  bile  the  body  is  constantly  cos* 

tive. 

8*  The  cbykf  after  it  has  been  absorbed  by  the  lac->   q|^  j^ 

^Jiri9»  i«  carried  by  them   into  a  pretty  large  vessel,  r^^*!^** 

P^.lBMSiPn  by  the  name  of  the  thoracic  duct*   Into  the  same 

vessel  Itkewiie  is  discharged  a  transparent  &uid,  con* 

veycd  by  a  set  of  vessels  which  arise  from  all  the  eavl* 

ties  of  the  body.     These  vessels  arc  called  i^mphaiics^ 

Aod  the  fluid  which  they  convey  is  called  lympb.      la 

the  thoracic  duct,  then,  the  chyle  and  the  lymph  are 

mixed  together. 

Very  little  is  known  conceroing  the  nature  of  the 

iymph^  as  it  is  scarcely  possible  to  coUeci  it  in  any  quan* 

^ty*    It  is  colourless,  has  some  viscidity,  and  is  said  to 

be  specifically  heavier  than  water.    It  is  said  to  be  coa- 

gulable  by  heat  \  if  so,  it  contains  albumen  ;  and  from 

its  appearance  it  probably  contains  gelatine.     Its  quan. 

ttty  is  certainly  considerable,  for  the  lymphatics  are 

very  numerous. 

0.  The  chjlc  and  lymph  being  thus  mixed  together,  ^„j  v^wt^ 

are  conveyed  directly  into  the  blood  vessels.    The  cf*   "-^^^^  " 
'  •^  thclaogk 
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^mk  w,  ft.0t  ptoducedi  by  Ihctr  onion  in  the  thoracic  diict  it  Ml 
kninntf  btit  neither  the  colour  nor  extemml  propenici 
ci  the  chyle  are  altered.  In  maiip  and  m^nj  other  lai^ 
ina]$»  the  thoracic  duct  enters  m  the  junctioo  of  the  left 
$nbctav4an  and  carotid  veini^  and  the  chyle  iscoovcjal 
direct^  to  t)ie  heart,  mixed  with  the  blood,  which  il. 
itts  in  the  blood  vciiels.  Fpom  the  hearty  tk 
chyle  thus  mixed  together  are  propelled 
the  loDg%  where  they  undergo  farther  chaoges. 
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Soctt  are  the  phenotnena  of  digcviion,  ms  far  u 
have  been  traced*  Th«  food  is  first  conveyed  to  At 
ftotnaehy  where,  by  nKmns  of  the  gaitrtc  juice,  it  iictat 
verted  into  chyfoe.  The  chyme  passes  into  the  lotet* 
tinal  canal,  where  it  is  iubjccied  to  a  new  process,  be. 
ing  gradually  decomposed  tod  converted  into  chyle  iti 
racrementltiotts  matter,  which,  by  crkeana  of  the  bik^  m 
separated  from  eacli  other*  The  cxcretnentitiattioiai^ 
ter  i%  e%*acuatedy  but  the  chyle  ia  absorbed  by  the  1k> 
teals,  and  conveyed  to  the  blood  vesiela  and  luofi* 
Let  tts  now  endeavour  to  trace  the  changea  prtxli^ceti  oi 
it  by  these  organs. 
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The  absolute  ncccisity  of  respirmtioa,  or  of 
thing  analogous,  is  known  to  c^ery  one  ;   and  few nt 
ij^norant  tli.it  in  man,  snd  hpt  blooded  anioaal^  thews* 


4 


HXSPIRATniK. 


TlS 


pn  by  which  respiration  is  performed  is  the  luisgfi    Ckm^UL^ 
Kow  fcftpiratioTi  consists  in  drawing  a  certain  <}uanlit^ 
©f  nW  into  tht  '  and  throwing  it  out  again   alter-  7 

nately.     Wht  1  us  function  is  suspendcd|  even  for  ^^ 

m  verj  short  lime,  the  animal  dies. 

The  fluid  respired  by  animals  is  common  atmosphe« 
fical  siir  ;  and  it  has  been  ascertained  by  experiinenty 
that  no  other  gaseous  body  with  which  we  are  acqtiaim- 
cd  can  be  substituted  for  it«    All  the  known  gases  have 
been  tried  ;  but  they  all  prove  fatal  w  tlic  animal  which 
is  made  to  breathe  them.    Gaseous  bodies,  as  far  as  res* 
piration  is  concerned,  may  be  divided  ioto  two  classes: 
J,  Unrespirable  gases  ^  2.  Respirable  gasei. 
^^  I.  The  gases  belonging  to  the  first  class  are  of  such   Unrnpitw 
^H^fiature  that   they  cannot  be  drawn  into  the  lungs  of  ^^*=4i'^"**' 
^Hpi  animal  at  all ;  the  epiglottis  closing  spasmodtcally 
i     whenever  they  are  applied  to  it.      To  this  class  belong 
carbonic  acid,  and  probably  all  the  other  acid  gases,  as 
bas  been  ascertained  by  ihc  experiments  of  Pilatre  de 
'Rozier  •.     Ammoniacal  gas  belongs  to  the  same  class  ; 


•  jHir,  df  Biyn  %T^i\.  4\%^^V\h%xt  dc  RoxJcr  ireitt  1 8to  J  bfew«f^t  tvb 
i»hilr  full  o(  c2rbo&ic  add  ^  erolved  by  rcrmentation.  A  gentle  heac 
fnat)lfc«£cd  iiBcIf  la  ajl  j>arti  of  his  budy,  iiEd  occa^uoncd  2  scnuble  pu'. 
•piratioi}.  A  sIl^Ht  itching  •eotttlon  constrained  hun  frequctitly  to  ihut 
fik  «i^*r«.  When  he  attemf*tpd  to  bre athe ,  1  violent  fecUng  of  stifTAcation 
ivevciucd  him.  He  sought  fi^r  the  ftept  tn  get  out;  but  not  findnig 
lliein  retdily,  the  otcensty  of  breithing  itjcre^i*cd,  he  became  Jf'Jdy,  and 
felt  a  ringling  Kn^tion  iu  hit  e^rg.  Aa  sooii  at  his  mouth  reiehcd  the 
air  he  breathed  freely^  btit  for  wme  time  ho  could  nm  dtningntth  eh|<:et9; 
hia  face  was  purj^le,  his  irnib*  l»cak,  and  he  iinderst«j«d  with  difficulty 
what  vrai  »iJ  to  him.  But  theae  tymplonu  u^m  left  hinu  He  repeated 
the  experiniem  ofitn  ;  ^ud  always  found^  ihat  nt  ton^  as  he  contimed 
«rithout  bfMthing^  he  could  speak  aiid  lucive  abctui  kvithout  ioconTo* 
ntencc;  but  whenever  he  attempted  to  bmthe>thc  fadfo;  of  suflcKattoa 
came  oo^^Ibii,  p.  4*1* 
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fef  file  longs  of  antmalt  soiTo^led  bjr  tt  were  f«ni 
Pilstre  not  to  givt  m  gntea  colour  to  vegelmble  hlm< 

IL  The  gases  belongiiig  to  ihc  tccood  ehsi 

drswa  into  Ihc  \ung%,  ^cui  ihrowa  oitl  igmin  wiA 

itnj  opposition  fron  the  rcsiiirttory  orKint ;  of  «oi 

the  animtl  is  capublt  of  rei^itrtitg  tbeio.     Thtf  i 

be  divided  into  four  subordinjite  classes:    1*  Tht 

set  of  gases  occasion  death  iminediatelj,  btii  pcpi 

no  visible  cbmge  in  thtf  blood*    They  occasioo  the 

mal^i  death  merely  bj  depriving   htm  of  mir^  id 

fame  wmj  la  he  would  be  suftocatcd  by  bcii>g  kcpi 

der  wafer.    The  odIj  gases  which  belong  to  this 

are  hydrcgm  and  ^saite.«^2*  Tb^  lecond  set  of  | 

occaiitoti  death  immediately^  but  ml  the  aame  tine  I 

pfodnce  cei t^in  changes  m  ttie  bloody  nnd  tberelDci. 

sol  merely  by  depriving  the  animal  td  air,  but  by  < 

taia  specific  properties.      The  gases  belonging  Mi 

dase  arc  carbunttd  hydngm,  $uifihurfiid  ty^n/i 

im^ionic  oxidi,  and  perhaps  also  mir^m  gas^^mji^ 

third  set  of  gases  may  be  breathed  for  tome  time  m 

out  destroying  the  antmsil,  but  death  eosuca  at  last, 

vided  their  action  be  long  enough  cotiiiiiued«      To 

class  belong  the  nitrous  oside  and  oxygen  gast-' 

The  fourth  set  may  be  breathed  any   length  of  \ 

without  injuring  the  animal.    Air  is  the  only  gia 

body  belonging  to  this  class  f. 


f  dae  Cbsufier*!  ctpcriment*,  IbM.  I«L  %f* 

I  Ferhapi  aIm  nitroM  gst  mkfgnit  Iwve  tJiB  mmm  eicctt  Itl 
brestlicd  bf  an  animai  iiiuM*  tui^  centaintd  a^OKf 

(  For  hf  Ut  the  completeit  acc^imt  af  ftll  the 
aiadc  00  the  refplrsdon  6f  ammili^  the  leader  isecfentd  10  0r| 
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It  has^  beea  long  known  that  an  animal  can  only  Oiiy>ilL 
breathe  a  certain  quantity  of  air  for  a  limited  lime ;  Oifgcu  a&^ 
after  which  it  becomes  the  most  deadly  poison,  and  p^SnSu 
produces  suffocation  3is  effectually  as  the  most  noxious 
gas»  or  a  total  absence  of  air*  It  was  suspected  long 
ago  that  this  change  is  owing  to  the  absorption  of  a 
part  of  the  air  ;  and  Mayow  made  a  number  of  very  in- 
genious experiments  in  order  to  prove  the  fact.  In 
1151  Dr  Blacki  by  breathing  through  lime*watcr,  as* 
certained  that  the  air,  when  thrown  out  of  the  Imngs, 
contained  carbonic  acid^.  This  discovery  was  still 
farther  conErmed  by  Lavoisier  in  his  first  dissertation 
en  respiration,  published  in  the  Memoirs  of  the  French 
i^cademy  for  ITIT*  Priestley  and  Scheele  demon* 
strated  that  the  quantity  of  oxygen  in  atmospherical 
air  is  diminished  by  respiration*  It  was  afterwards 
proved  by  Lavoisier,  and  many  other  philosophers,  who 
confirmed  and  extended  his  facts,  that  no  animal  can 
live  in  air  totally  destitute  of  oxygen «  Even  fish,  which 
do  not  sensibly  respire,  die  very  soon  if  the  water  in 
rhich  they  live  be  deprived  of  oxygen  gas*  Frc^s, 
rhich  can  suspend  their  respiration  at  pleasure,  die  m 
It  forty  minutes,  if  the  water  in  which  they  have 
ecn  confined  be  covered  over  with  oilf.  Insects  and 
irorms,  as  Vauqoclin  has  proved,  exhibit  precisely  the 
ame  phenomena.  They  require  air  as  well  as  other 
limals,  and  die  like  them  if  they  be  deprived  of  it* 
hey  diminish  the  quantity  of  oxygen  in  the  air  ta 


eicellctit  Eii^y  ««  Mttpiratt^n,     Nor  are  ihe  cl«irDci9,  impinttlitj,  »n4 
«»lid  judgment  of  thii  vuther  infcriof  to  the  nteiit  ol  bit  ififonnihon. 
*"#  BUck'i  Letlurti,  E  S;. 
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I V.  which  they  liVe^  stid  give  out,  hj  ref  pimlJoot  lli«  tef 
same  products  as  other  animiiU.  Worms^  whkh 
more  rctcnlivc  of  life  than  most  olbcr  ani 
least  not  so  much  alitrctcd  by  potsonoiifl  g*sOf 
every  particle  of  the  oxygen  coniaioed  in  the  10  « 
which  Ibey  are  confined  before  thcjr  di«.  Mr  Vsa^Rb 
linV  expenments  were  made  on  thcfryltmi  widuam{ 
the  limaxjlavuip  and  htliit  f(mmiia  •# 

The  quantity  of  air  respired  diffcra  very  muck  i 
dificretit  animaJf.  Man  and  hou blooded 
ttnder  ih«  necessity  of  breathing  cotiataotly  i 
amphibious  animals  have  a  certain  power  over 
tjoOf  and  can  auspend  the  functioa  nliogeiher  ht 
Umibed  lime.  Dr  Barclay  h^s  ascertained  thu  ifci 
animals  ac<][uire  a  much  greater  command  ofver  t^ 
respiratory  organs  by  habit.  Fish  do  not  breathe 
all^  and  consume  so  little  air»  that  the  smaU 
of  it  held  in  solution  by  the  water  in  which  they  tai 
is  lufficicot  for  them.  It  ap|;ears  that  the  mtmbcr 
respiraiions  made  u\  a  given  time  differ  conaidera%i 
dlSerent  men.  Dr  Uaies  reckon t  them  ai  20  ill 
minute.  A  man  on  whom  Dr  Menztes  made  cqab 
Koinbcf  of  o»<^»t*»  breathed  only  14  times  in  a  minute .  Mr  Dii] 
eeipintiaiM.  informs  us  that  be  makes  between  20  aod  27  ta  a 

nutc.     J  myself  make  about  10  at  aii  average*    Tk 
average  of  all  1%  z^*    Now  20  in  a  minute  nvJkti  ik\A 
so  24  hours. 
<{9Milrf«f       The  quantity  of  air  drawn  10  and  enaitted 
alri«ipired.  i^^pijaiiou  must  differ  considerably  with  the  sixe  of 
man  and  the  capacity  of  his  tungs«     Dr  Menzics 
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Hint  a  man  draws  In  at  a  medium  40  cubic  inches  of  aar  Cka^ru. 
•I  every  inspiration.  Dr  Goodwin  has  concluded^ 
from  hU  experiments,  that,  after  a  complete  expiration^ 
the  mean  quantity  of  air  which  remains  in  the  lungs 
amounts  to  XOQ  cubic  inches;^  and  Menzies  has  endea* 
voured  to  prove  that,  after  an  ordinary  expiration,  ibere 
remains  17Q.  Mr  Davy  has  concluded  that  his  lungs^ 
after  a  forced  expiration,  still  retain  41  cubic  inches  of 
4ur^  after  a  natural  expiration  they  contain 

118  cubic  inches 
After  a  natural  inspiration  135 
After  a  forced  mspiraiion    254 
By  a  full  forced  expiration,  after  a  forced  inspiration^ 

he  threw  out •   190  cubic  inches 

After  a  natural  inspiration  ,  •   78*5 
After  a  natural  expiration  «.   07*5 
Messrs  Allen  and  Fepys  have  calculated^  that,  in  wtk 
ordinary  inspiration,  16*5  cubic  inches  of  air  are  drawn 
into  the  lungs.    In  their  experiments  the  average  quae-  ? 

U  ty  of  air  thrown  out  of  the  lungs  in  an  expiration  amoiim- 
ed  to  61  cubic  inches^  but  the  breathing  was  much  fuller 
and  slower  than  usuaL  In  one  case  a  forced  expiration 
_  .  amounted  to  166  cubic  inches  ;  in  another  to  204  cubic 
^■liches.  From  the  experiments  of  the  same  gentlemen 
^^■1  appears^  that  the  lungs  of  a  stout  man  about  five  feel 
HKfen  inches  high  after  death  contain  nearly  lOO  cubic  In* 
I      ches  of  air  *• 

I  Dr  Menzies*  estimate  of  an  ordinary  inspiration  seemt 

to  approach  nearest  the  average  ;  but  Dr  Bostock  has 
shown  that  his  estimate  of  the  capacity  of  the  lungs 
is  too  low*      Perhaps  we  shall  not  err  rcry  much  if 


•  j*iiL  TtMi,  i8of. 
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«re  imtipose,  with  him,  that  tlie  orduiarf  qumiuttj  of  A 
eaottined  in  the  latigs  is  280  cubic  tDchet ;  and  thit 
jodiety  or  V^^^  of  the  whole,  ts  limwn  in  rad  thromi 
ftl  twtirj  ordinar J  ret pirttion.     Thi v  ftupposiiig 
piimtioot  in  n  minytci  witi  make  the  quantity 
dnwci  in  and  thrown  cmt  of  the  lungs   eirctj 
amount  to  800  inches ;  to  iS^OOD   inchci  in  tbt  boof 
and  to  1,152,000  inches  in  24  hours^  which 
rather  more  th^n  524  Ibt  aToirdupois*     If  thia 
ii  too  high^  it  is  probably  at  least  aa  near  the  tniA 
diat  of  AlicQ  and  Pepys,  which  appeara  aa  oaiicb 
low* 

Let  tss  now  endeavour  to  trace  the  chaDgei  prodn 
bj  respiration*  These  are  ol  two  kinds^  nmmelj,  I 
changes  produced  upon  the  air  respired  {    2.  CI 
produced  upon  the  blood  exposed  to  this  air*     Ead^ 
these  natursillj  claims  oar  attention. 

L  For  our  knowledge  of  the  changes  produi 
L^  tbeitr     the  air  by  respiration,  we  are  chiefly  itidebc^  to 
ley*  Cigna,  Menaiei,  LaToisier   and   Segirtn, 
Allen  and  Pepys.     These  changes  ure  the  foUoite 
I*  Part  of  the  oxygen  of  the  air  respired  dtsappeaa 
2*  Carbonic  acid  gz%  is  found  in  its  place  ;  $•  It 
td  with  water  in  the  stsie  of  Tapoor* 

1.  A  considerable  number  of  experiments  hatel 
made  to  determine  the  change  of  balk  which  air 
dergoes  by  being  respired.      According  to  Dary, 
by  a  tingle  inspiration  and  expiration,  la 
firom  ^V*  ***  T^-tb  part  of  its  bulk  •.     In  itic  no«>cn 
and  accmatc  experiments  mude  by  AJlest  and  Pafts 


•  £>avy'i  Mijtut.'i«i,  f^  43t, 


KESPIRAtlOK* 


121 


tty  large  scale^  the  average  diminution  was  little  Chap,  in. ^ 
Smore  than  half  a  firr  etnt*^  and  even  this  seems  to  have 
*been  owing  rather  to  unavoidable  inaccuracjr  than  to 
3^al  absorptioHp  In  the  experiments  of  Berthollet^  con*' 
IDucted  also  with  very  great  care,  the  diminution  varied 
fifom  0'G9  to  3'70  per  cent.  •  If»  with  Dr  Bostock» 
^e  take  ^th  as  the  average  diminution^  and  40  inches 
Ha  the  quantity  of  air  drawn  into  the  lungs  at  each  in^ 
spiration,  then  it  will  follow  that  half  a  cubic  inch  of 
the  air  disappears  each  time  we  respire*  This  in  a  day 
^RTould  amount  to  14,400  cubic  inches,  which  is  rather 
buore  than  eight  cubic  feet. 

►  When  air  is  breathed  till  the  animal  can  stipport  it 
tio  longer,  the  diminution  which  it  undergoes  is  vari* 
ously  stated^  Mr  Davy  found  it  to  amount  to  ^th  of 
the  whole  air  f  ;  Lavoisier  and  Goodwyn  to  ^th  X  i 
Allen  and  Pepys  to  ^^th  J  ;  and  Crawford  ||,  OQ  the 
Olhcr  handy  found  no  diminution  at  all.      These  num* 

Sats  vary  so  much  from  each  other,  and  from  the  esti* 
|te  from  a  single  respiration,  that  it  is  impossible  to 
bid  concluding  the  diminution  to  be  different  atdi^er« 
cut  times.  I  was  induced  by  a  letter  from  Mr  Dalton^ 
in  the  summer  of  1800,  to  make  some  estperiments  on 
the  subject*  In  some  cases  I  could  perceive  no  dimt- 
nation  at  all  ;  in  others  it  was  perceptible.  It  was 
greatest  when  the  animal  was  taken  out  repeatedly 
during  the  experiment,  or  when  air  was  employed 
which  was  purer  than  that  of  the  atmosphere.     I  am 


«  Mtm,  d^Amuii^  iL  461. 
I  EoiieodE  on  Rfiffiratiam,  p,  87. 
[  Crswlord  on  H$at^  p.  14^ 
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incidence  would  dispose  us  to  embrace  this  result  as    £J^'  ^' 
tffording  a  near  approximation  to  the  truth*     We  may 
^clude>  then^  that  in  a  day  a  man  consumes  rather 
■Hore  than  25  cubic  feet  of  oxygen.     Now»  since  the 
pxygen  amounts  only  to  about  one*fifth  of  the  atmos* 
iherci  it  follows,  that  in  a  day,  a  man  destroys,  or  ren- 
ters unfit  for  supporting  combustion  and  respiration^ 
no  less  than  125  cubic  feet  of  air.     The  result  obtained 
ly  Messrs  Allen  and  Pepys  is  somewhat  less,  or  about 
&1*5  cubic  inches  per  minute.      And  they  think  that 
b  ordinary  respiration  the  proportion  consumed  is  much 
laUer. 

3.  The  air  which  is  thrown  out  of  the  lungs  con* 
latas  in  it  a  quantity  of  carbonic  acid  which  did  not  ex- 
bl  in  it  previous  to  its  being  used  for  respiration,  Dr 
Menxtes  conceived  that  the  bulk  of  this  gas  is  precisely 
equivalent  to  that  of  the  oxygen  consumed*  This  also 
wms  the  result  of  the  experiments  of  Dr  Crawford.  La- 
Yoisicfi  in  his  experiments  on  the  Guinea  pig^  found  it 
somewhat  less.  In  his  first  experiment  he  found  the 
i>S:ygen  consumed^  to  the  carbonic  acid  formed^  as  20  to 
J6*5  i  in  his  second,  as  20  to  1T3*.  In  his  experi- 
jBcnts  on  Scguin,  in  1789,  the  oxygen  consumed  was  to 
the  bulk  of  carbonic  acid  formed  nearly  as  20  to  16*6  ; 
but  in  those  that  were  made  afterwards,  the  proportion 
of  carbonic  acid  is  diminished  by  nearly  one*half.  In 
Mr  Davy*s  experiments,  the  bulk  of  carbonic  acid 
formed  corresponded  very  nearly  with  that  of  the  oxy- 
gen consumed  f  ;  so  that  in  this  respect  they  coincided 


•  See  ihe  detaib,  Mem,  Par,  tjto^  p.  401.}  ^te.  4r  Cflpt  v.  d6l.| 
and  in  Bostock  00  Knpirmri«ny  f.  79. 

Zz2 


12i 


AvmhL  rcryeTioRs. 


B<Mtk  v,     with  tUo«e  of  Crawford  mnd  Mcoxiei*     I  w 

by  Mr  Daltofif  in  the  tummer  of  X8OO9  tbmt  lie  had ■» 
tiffied  Yumsclf,  by  &  varUty  of  cx:peiiiiiciitSp  thm  h 
Wile  of  carbonic  acid  gas  formed  was  exactly  v^u 
that  of  the  oxygen  gaa  consumed •  On  repeating  lki» 
pertment  with  that  particular  view,  I  found  that  htam 
c%ie%  thi«  took  place  very  nearly  ;  but  upon  the 
l\w  bulk  of  oxygen  which  disappeared  was 
greater  than  that  of  the  carbonic  add  formed ;  but? 
diifefence  varied  considerably,  aiwi  k.e{>i  pace 
dicDinution  of  the  balk  of  air  by  reipiratioo* 
contider  it  as  owing  to  the  abstraction  of  a  partcf 
air  by  soQDe  other  way  than  rcspifalioo*  If  cliii 
straction  be  allowed  for,  I  have  no  doubt,  fromnij 
expert  men  tSy  that  the  bulk  of  the  carbonic  add 
by  rc&piration  is  precisely  equal  to  that  of  the  o: 
which  has  disappeared.  The  abaolule  qQamitj 
difficult  to  state,  as  it  depends  upon  a  variety  of 
stances.  I  am  disposed  to  consider  il,  at  an  a* 
approaching  to  40,000  cubic  inches  in  24  boon*  thoi^' 
probably  somewhat  under  that  quantity*  Now,  (la 
quantity  of  carbonic  acid  contains  little  less  than  tlait 
quarters  of  a  pound  avoirdupois  of  carbon.  MessfS  Al 
len  and  Pepys  found  the  carbonic  acid  formed  e&dl^ 
^ual  in  bulk  to  the  oxygen  which  had  disappesfiL 
It  amounted  In  their  experiments  to  about  27 ^  cubtc  ii» 
ches  per  minute,  or  5^534  cubic  inches  in  24  houi\i 
quantity  which  oontains  above  1 1  ounces  troy  of  hM 
carbon*  Air  thrown  out  of  the  lungs  oonuia^a 
their  experiments  about  sj>et  cent,  of  carbonic  scid|a^ 
In  BertboIIet*s  experiments,  the  carbonic  acid  gat  foa* 
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varied  from  5*53  to  13'S2  per  cent.     Bat  the  animal 
was  confined  for  several  hours  in  the  same  air  *. 

4*  Dr  Priestley  concluded  from  his  ex  peri  ments^  that  Asoec* 
not  only  the  oxygen,  but  the  azote  aba,  of  the  air  re- 
spired was  diminished  f.  This  opinion  was  still  far- 
;iier  confirmed  by  Davy,  who  found  the  consumption 
of  azote  to  amount  to  about  4^th  of  that  of  the  oxygen  {. 
Dr  Henderson  has  lately  made  experiments  with  the 
same  rosulr,  though  the  proportion  of  azote  absorbed 
ivas  rather  less  $.  Upon  repeating  these  erperimefits, 
I  found  likewise  a  loss  of  azote ;  but  it  was  extremely 
inconstant,  sometimes  being  scarcely  perceptible^  and 
ftt  other  times  considerable.  It  kept  pace  with  the  di- 
BUDUtton  of  the  bulk  of  the  air  respired^  and  with  the 
difference  between  the  bulk  of  the  oxygen  consumed 
mnd  the  carbonic  acid  formed*  Hence  I  am  disposed 
ascribe  all  of  these  differences  to  the  same  cause,  I 
conceive  that  a  portion  of  the  air  respired  disappears 
ithout  undergoing  any  change,  and  that  this  portion 
occasions  the  diminution  of  the  azote,  and  the  difference 

between  the  bulk  of  the  carbonic  acid  formed  and  the 
l»xygen  consumed*     What  comes  #f  this  portion  of  air 

t  is  difficult  to  say  ;  but  I  think  it  conceivable  that  the 
iisappearing  of  such  a  portion  may  be  confined  to  the 
tmaatoral  circumstances  occasioned  by  the  experiment , 
that  the  difficulty  of  throwing  out  the  air  from  the  lungs 
\a  these  circumstances  may  be  such  as  to  induce  absor- 
bents to  act,  and  remove  a  portion  which,  in  the  ordi- 

ary  situation  of  the  lungs,  would  have  been  thrown 
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Sipotir  actually  emitted  from  the  lungs.  Supposing  ,  Ch^h  ^^\ 
Nv  inches  of  air  to  be  drawn  iii  at  each  iuspiration^  it 
^"^mk  casj  to  calculate,  from  Dahon- s  table^  the  weight 
^t  ihe  vapour  which  it  contaititd  when  emitted* 
^  S.  In  ordinary  eases  of  tespi  ration,  the  oxygen^ 
^Bich  disappears,  is  just  balanced  by  the  carbonic  acid 
^rmed,  so  that  the  bulk  of  the  air  continues  unaltered : 
m  It  appears  from  the  experiments  of  Messrs  AUen 
md  Pepys,  that  when  the  ^ame  quantity  of  air  is 
^eathed  backwards  and  forwards  as  long  as  possible^ 
il  greater  quantity  of  oxygen  disappears  than  can  be  ac-* 
totanted  for  by  the  carbonic  arfd  formed.  This  oxygen 
i  absorbed  by  the  system.     It  diminishes  the  bulk  of 

le  air  respired^  ami  amounts  to  about  ^th  of  the 

hole  air  respired  at  an  average. 

7.  When  oxygen  gas,  nearly  pure,  is  breathed,  ra-  ReipTfitJon 
r  a  greater  quantity  of  carbonic  acid  is  given  cmt  4  ^a^^^^^ 

t  the  air  expired  contains,  at  an  average^  aboife  ten 
^int^  of  that  gas.  It  appears  also  from  the  experi^ 
lieots  of  Messrs  Allen  and  Pepys,  that  a  portion  of  the 
hxygen  gas  disappears,  and  then  au  equal  bulk  of  axo* 
lit  g^as  is  found  in  its  place*  This  suhstitution  of  a* 
^ote  is  greatest  at  the  commencement  of  the  experi«. 
Hint,  and  diminishes  as  the  respiration  continues, 
i  is  difficult  at  presetit  to  account  for  this  substitution, 
rhe  quantity  observed,  amounting  at  an  average  fo 
nearly  SO  cubic  inches,  is  too  great  to  be  ascribed  to 
in  error  in  the  experiment.  It  can  only  be  fully  ac* 
Donntcd  for  when  we  become  acquainted  with  the  com- 
;»o$iiion  of  azote,  which  is  still  unknown  ;  though,  from 
the  recent  experiments  of  Davy  and  Bcrsteltus,  there 
can  be  no  doubt  that  it  is  a  compound. 
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Tlie  qaantJtj  of  gas  obtiioed  from  the  Seine  wiMi^ 
v^'as  at  in  average  0*0215  of  its  bulk,  or  QOt^M 
^  part  I  the  arctagc  quantttjf  of  oxygen  wliicli  ttii 
gf»  coutaiQcd  was  0*3 10« 

From  thcar  rxprrimcmts  it  appears^  that  ibe 
tioo  of  fitbes  differs  Yery  muck  from  that  of  other  actt 
The  oxygen  is  not  merely  converted  into  carbcnic  usi~ 
as  happens  during  the  resptratioti  of  men  and  the  brpr 
aiumaU ;  but  a  portion  of  it  is  absorbed  and  introdtt^i 
into  the  aysicm.  A  portion  also  of  aiote  is  ab«orM. 
The  quantity  of  air  consumed  by  fishes  i%  extrtBMif 
smallp  when  compared  with  that  coosumed  by  terwtni 
sintmalf.  This  will  appear  from  the  following  (sUi 
m  which  the  bulk  of  the  air  consumed^  and  of  te 
rarbontc  acid  formed  in  an  hour>  is  staled  in  cubic  la- 
ches. 
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■  Fr6m  this  ttble,  compared  with  the  facts  itated  in    Chip,  m^ 
fbe  preceding  part  of  this  section,  it  follows,  that  in  a 
giYen  time  a  man  consumes  50,000  times  as  much  oxy* 
gen  gas  as  a  tench«     Yet  the  presence  of  this  principle 
ia  equally  necessary  for  the  existence  of  both, 
.    II.  Let  tts  now  endeavour  to  ascertain  the  changes  Changra 
^oduced  on  the  blood  by  respiration.     The  whole  of  0^1*10*^ 
the  blood  is  propelled  from  the  heart  to  the  lungs,  cir-  ^^*'^ 
cnlates  through  the  vessels  of  that  organ  ;  and  during 
ibat  circulation  it  is  exposed  to  the  influence  of  the  air 
inrhich  the  animal  is  constantly  drawing  into  the  longs* 
NoWf  certain  changes  are  produced  upon  it  by  this  ac* 
tion,  which  have  been  partiy  traced  by  the  experiments 
of  Priestley,  Cigna,  Fourcroy,   Hassenfratx,  Beddoci^ 
Watt,  and  above  all   by  those  of  Mr  Davj.     These 
changes,  as  far  as  we  are  acquainted  with  them,  are  the 
following:  l.  It  acquires  a  florid  red  coloiu-^  and  the 
chyle  disappears  -,  3.  It  loses  a  portion  of  carbon  ;  4*  It 
emits  water. 

!•  It  has  been  long  known  that  the  blood  which  flows 
in  the  veins  is  of  a  dark  reddish  purple  colour,  whereas 
the  arterial  blood  is  of  a  florid  scarlet  colour.  Lower 
observed  that  the  colour  of  the  venous  blood  was  con- 
verted into  that  of  arterial  during  its  passage  through 
the  lungs.  No  chjle  can  be  diiitingutshed  by  v%  white 
colour  in  the  blood  after  it  has  passed  through  the 
lungs.  The  changes,  then,  which  take  place  upon  the 
appearance  of  the  blood  are  two  :  1.  It  acquires  a  florid 
red  colour  ;  2-  The  chyle  totally  disappears.  Lott^er 
himself  knew  that  the  change  was  produced  by  the  air, 
luid  Mayow  attempted  to  prove  that  it  was  by  absorb- 
ing a  part  of  the  ait*  But  it  was  not  till  Dr  Priestley 
discovered  that  venous  blood  acquires  a  scarlet  colour 
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artcndhbod 
fk  dark  red  colour  when  poc  in  coo  tact  with  bjdroga 
gai;  or,  which  \%  the  tame  thing,  that  oi^jgeo  pio^ 
stftutlj  gives  venous  blood  the  colour  of  arteriiJ ;  mi 
hydrogen^  tm  the  contrary^  gives  arterial  blood  \htta. 
lour  of  venous  blood— it  was  not  till  th^n  that  fhikm- 
phcrs  began  to  attempt  any  ^ing  like  ao  explaaaici« 
the  phenofDcna  of  re^piratioii. 

The  blood  it  a  fluid  of  »o  coiziplez  m  nature  ihtt  bb 
not  easy  to  ascertain  the  changes  prodttccd  in  it  by  c 
posure  to  dtCcrent  gases  out  of  the  body  ;  and  em  i] 
Ihat  could  be  done,  we  have  no  method  of  proving  iM 
the  effects  of  these  gaseous  bodiea  opon  the  coigidstd 
blood  are  the  lanie  as  they  would  be  on  the  blood  in  iti 
natural  state,  circulating  in  the  vessels  of  a  Ursng  m 
mal.  The  facts  which  have  been  ascenained  sre  ik 
following  : 

Istf  It  appears  from  the  experiments  of  Prieitkf, 
Girtanner,  and  Hasscnfrati^  that  when  venous  blood  a 
exposed  to  oxygen  gas  confined  over  it,  the  blood  bw 
stantly  assumes  a  scarlet  colour,  Mr  Davy  could  na 
perceive  any  sensible  dimlfiuiion  of  the  bulk  of  tk 
gas. 

2df  The  same  change  of  colour  takes  place  wha 
blood  is  exposed  to  common  air.  In  this  case  a  i|8ii> 
tity  of  carbonic  acid  gas  is  formed,  smd  a  fjoantityfif 
oxygen  gas,  exactly  equal  to  it  tn  bulk,  disappun^ 
making  allowance  for  the  small  quantity  of  carixaae 
acid,  which  we  may  suppose  to  be  absorbed  by  tit 
blood  itself, 

3d,  Venous  blood  exposed  to  the  action  of  aaocit|«i 
continues  unaltered  in  colour;  neither  does  any  pexce^ 
liblc  diminution  of  the  gas  ensue. 
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»  ^h.  Venous  blood  exposed  to  the  action  of  nltroiis 
gzs  becomes  of  a  deep  purple,  and  about  ^tH  of  the  gas 
is  absorbed, 

5/^1  Venous  blood  exposed  to  nitrous  oxide  becomes 
f  a  brighter  purple,  especially  on  the  surface,  and  a 
considerable  portion  of  the  gas  is  absorbed. 

6/i,  Venous  blood  exposed  to  carbonic  acid  gas  be- 
bomes  of  a  brownish  red  colour^  much  darker  than 
Usual,  and  the  gas  is  slightly  diminished  in  bulk« 
I  itbf  Carbureted  hydrogen  gas  gives  venous  blood  a 
fine  red  colour,  a  shade  darker  than  oxygen  gas  does, 
fts  was  first  observed  by  Dr  Beddoes»  and  at  the  same 
lime  a  small  portion  of  the  gas  is  absorbed.  This  gas 
has  the  property  of  preventing,  or  at  least  greatly  re- 
tarding, the  putrefaction  of  blood,  as  was  first  observ« 
Bd  by  Mr  Watt  % 

i  Sthf  When  arterial  blood  is  put  in  contact  with  az.o* 
tic  gas,  or  carbonic  acid  gas,  it  gradually  assumes  the 
3ark  colour  of  venous  blood,  as  Dr  Priestley  found f. 
Hie  same  pKilosopher  also  observed,  that  arterial  blood 
icquired  the  colour  of  venous  blood  when  placed  in  va- 
Ntrot*  Consequently  this  alteration  of  colour  is  owing 
lo  some  change  which  takes  place  in  the  blood  itself, 
ndependent  of  any  external  agent. 

The  arterial  blood  becomes  much  more  rapidly  nnd 

Eeeply  dark  coloured  when  it  is  left  in  contact  with  by- 
rogen  gas  placed  above  it  {*  We  must  suppose  there** 
ore  that  the  presence  of  this  gas  accelerates  and  in* 
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creaset  the  change,  which  would  haire  t«kaiplictC|Gi 
the  blood  without  any  external  mgenU 

Othf  If  arterial  blood  be  left  tn  ccmUct  with  oiypl 
gas,  it  gradually  aiiumes  the  aamc  dark  coloor  wbid 
it  would  have  ac(}uired  in  vacua,  or  ia  GOQlid  willi^* 
drogeo  \  and  after  this  change  oxygca  can  no  loogei  n^ 
atore  its  tcarlct  colour^.  Therefore  it  lacmlyiifQii 
p^ti  of  ilie  blood  Uiat  the  oxygen  acu  i  and  iftcr  tk 
part  h?s  undergone  the  change  which  occmaioni  th^dai 
colour^  the  blood  loses  the  power  of  bcicig  afictii  Ij 
oxygen. 

IQtip  Mr  Hasscofratx  poured  into  irenoua  Wodt 
quantity  of  oxymuriatic  acid  ;  the  blood  waa  ioiiaid|f 
decomposed,  and  assumed  a  deep  and  almoat  Uadl  n* 
lour*  When  hr  poured  common  muriatic  acid  iMi 
bloody  the  colour  was  not  altered  f .  ^ow  oxyamraiii 
aotd  has  the  property  of  giving  out  ita  oxygen  rei£lf ; 
consequently  the  black  colour  was  owing  to  the 
combiaation  of  a  part  of  the  blood  with  oxygea. 

2*  Dr  Priestley,  the  first  of  the  modem  chcmiitsal* 
turned  his  attention  to  respiration »  cortcl  tided  bam 
of  his  earliest  txperimeni^i  that  the  blood,  aah 
through  tlie  lungs,  gave  out  phlogiston  to  the  air,  wtiidi 
was  expired  loaded  with  that  tubstancc  ;  and  of  coom 
that  the  purpose  of  respiration  was  to  free  the  blael  rf 
phlogistou.  Lavoisier  soon  after  ascertained  with 
precision  the  changes  which  the  air  undergoca  daria| 
respiration t  and  he  formed  a  theory  io  order  tats* 
plain  tliat  function,  assuming   as   its  basis  that  *^^  ''»* 
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€i}iangrs  on  the  air  inspired  are  produced  in  the  langs  ; 
And  of  course^  that  all  the  new  substances  expired  are 
formed  in  the  hings.  According  to  him^  the  blood  al« 
aorbs  no  air  in  the  langs ;  but  it  gives  out  hydrogen 
jmd  carbon^  whichi  combining  wiih  the  oxygen  of  the 
air  inspired,  form  water  and  carbonic  acid.  This  thtd- 
ry  was  adopted  by  La  Place,  Crawford,  Cren^  and  Gitw 
tanner,  with  a  saiall  variation.  Indeed  it  does  not 
differ^  except  in  detail^  from  the  original  hypothesis  of 
Sr  Priestley,  that  the  use  of  respiration  is  to  rid  the 
blood  of  phlogiston  ;  for  H  we  substitute  carbon  and 
hydrogen  for  phlogisitony  the  two  theories  precisely  a«- 
grec.  Mr  Lavoisier  attempted  not  to  prove  its  truth  ; 
he  only  tried  to  show  that  the  oxygen  absorbed  corre- 
ftpondi  exactly  with  the  quantity  of  oxygen  contained 
in  the  carbonic  actd  and  the  water  entitted. 

A  different  theory  was  afterwards  proposed  by  Mr 
De  La  Grange.  According  to  this  philosopher,  the 
€>xygen  gas,  which  disappears,  combines  with  the  blood 
as  it  passes  through  the  lungs  ^  and  at  the  instant  of  this 
combination  there  is  set  free  from  the  blood  a  quantity 
of  carbonic  acid  gas  and  of  water,  which  are  thrown 
oat  along  with  the  air  expired.  This  theory  was  adopt. 
cd  and  iiUistratcd  by  Mr  Hassenfratz,  In  the  first  and 
second  Editions  oC  this  Work  I  embraced  this  theory, 
modified  a  little  by  the  experiments  of  Davy.  A  letter 
which  I  received  from  Mr  DaltoD,  in  the  su miner  of 
1803,  combating  this  theory,  and  defending  thai  of 
Crawford,  induced  me  to  examine  it  more  narrowly  i 
and  the  result  of  a  aet  of  experiments,  which  I  imine- 
diately  undertook,  convinced  me  that  Mr  DaUoo's  ob* 
jeclions  were  well  founded.  The  c:irbonic  acid  formed, 
I  consider  as  exactly  equal  to  the  bulk  of  the  oxygen 
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m$ui  be  formed  tbere,  because  it  does  not  esdst  pre- 
viously, Now>  one  great  end  of  respiration  must  un- 
doubtedly be  to  assist  this  decomposition  of  chyle  and 
complete  formatioQ  of  blood. 

Il  follows,  from  the  experiments  of  Fourcroy  former- 
ly enumerated,  that  fibrin  contains  more  azote,  and  less 
carbon,  than  any  of  the  other  ingredients  of  the  blood, 
ftod  consequently  also  than  any  of  the  ingredients  of  the 
^  chyle.     Id  what  manner  the  chyle,  or  a  part  of  it,  is 
converted  into  fibrin,  it  is  impossible  to  say :  we  are 
not  sufficiently  acquainted  with  the  subject  to  be  able 
to  explain  the  process*     But  we  can  see,  at  least,  that 
rbon  must  be  abstracted  from  that  part  of  the  chyle 
hich  is  to  be  converted  into  fibrin.     Hence,  as  the 
process  of  blood-making  advances,  there  must  be  s 
greater  and  greater  redundancy  of  carbon  in  the  liquid. 
Unless  this  redundancy   were  removed,    the  process 
could  not  go  on,  and  probably  the  whole  would  run  in* 
^  to  putrefaction.    We  may  conclude^  then,  that  one  great 
~  use  of  respiration  is  to  abstract  this  carbon,  by  forming 
'  i^ith  it  carbonic  acid.     How  this  is  performed,  indeed, 
it  is  impossible  at  present  to  explain  ^  but  the  fact  is  un« 
doubted. 

But  the  abstraction  of  carbon  is  not  the  only  advan- 
tage gained  by  respiration  :  the  Umpcrature  of  all  ani* 
mals  depends  upon  it.  It  has  been  long  known,  that 
those  animals  which  do  not  breathe  have  a  temperature 
but  very  little  superior  to  the  medium  in  which  they 
relive.  This  is  the  case  with  fishes  and  many  insects. 
■Bpfao^  on  the  contrary,  and  quadrupeds  which  breathe^ 
r  hare  a  temperature  considerably  higher  than  the  atmo- 
L  sphere :  that  of  man  is  98^*  Birds,  who  breathe  in 
proportion  a  still  greater  quantity  of  air  than  man,  have 
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f^n^v.  a  tcflaperatore  equml  la  105^  or  104^.  ItlmWiei 
prov^«  that  the  temperature  of  all  aaimali  U  prups. 
lio»il  to  the  quantitj  of  air  which  tliey  brttibc 
given  time. 

These  facts  &re  tufficieot  to  demoaiiraie  thitj 
heal  of  siniinats  depends  tipoii  respiration.  Botiti 
not  till  Dr  Black's  doctrine  of  laient  heat  became  I 
to  the  world,  that  aaj  explaoatioo  of  the  cauae  of] 
temperatare  of  breathing  animalsi  was  attempted. 
iUiutrious  philotophcfy  whose  discoveries  fono  iJbcj 
ais  upon  which  all  the  scientiiic  part  of  ebemiitzfl 
been  reared*  saw  at  once  the  ligbl  which  hiti 
of  latent  heat  threw  upon  this  part  of  physiolo^,  ] 
he  applied  it  vcrj^  early  to  explain  the  tcin| 
amtnals* 

According  to  hina,  part  of  the  latent  heat  of  \ 
inspired  becomes  sensible  i  and  of  coune 
ture  of  the  lungSi  and  the  blood  that  p«i 
them,  must  be  raised  ;  and  the  blood,  thua  }ieatedj< 
xnnnicates  its  heat  to  the  whole  bod/-     This  op 
was  ingenious,  but  it  was  liable  to  an  uomnswefabkl 
jection :  for  if  it  were  true,  the  temperatare  of  the  I 
ought  to  be  greatest  in  the  lungs,  and  to  diminii 
dualljr  as  the  distance  from  the  lungs   increases ^ 
is  not  truf .     The  theory,  in  consequence^  was 
doned  even  by  Dr  Black  himself  j   at  least  he 
attempt  to  support  it. 

Tliimof  Dr  Crawford,  who  con&mcred  aii  ii»c  change 
ted  by  respiration  as  taking  place  in  die  tung%  i 
ed  for  the  origin  of  the  animal  heat  almost  prtastiji^ 
the  same  manner  with  Dr  Black.  According  to  ha^ 
the  oxygen  gas  of  the  air  combtnes  in  the  fun^  vrvh 
the  carbon  emitted  by  the  blood.     JDuring  thtsraok*: 


RESPIRATIOK- 

Ltiotii  the  oxygen  gives  out  a  great  quantity  of  calorjCf 
fiih  which  it  hsid  been  combined ;  and  this  caloric  is 
I  only  sufficient  to  support  the  temperature  of  the 
ody,  but  also  to  carry  off  the  new-formed  water  in  the 
Lte  of  vapour,  and  to  raise  considerably  the  temperi- 
re  of  the  air  inipired.  According  to  this  philoso^ 
ter,  then,  the  whole  of  the  caloric  which  supports  the 
liperature  of  the  body  is  evolved  in  the  lungs.  His 
leory  accordingly  was  Kable  to  the  same  objection 
ith  Dr  Black's  ^  but  Dr  Crawford  obviated  it  in  the 
allowing  manner :  He  found  that  the  specific  caloric 
:  arterial  blood  was  l'030u,  while  that  of  venous  blood 
as  only  0-8928.  Hence  he  concluded,  that  the  in- 
nt  irenous  blood  is  changed  into  arterial  blood,  its 
^cific  caloric  increases ;  consequently  it  requires  an 
Iditional  quantity  of  caloric  to  keep  its  temperature 
high  as  it  had  been  while  venous  blood.  Tbisaddi- 
>n  is  so  great,  that  the  whole  new  caloric  evolved  is 
iplojcd  :  therefore  the  temperature  of  the  lungs  must 
Scessarily  remain  the  same  as  that  of  the  rest  of  the 
l^jr.  During  the  circulation,  arterial  blood  is  gradu* 
ij  converted  into  venous  ;  consequently  its  specific  ca- 
ific  diminishes,  and  it  must  give  out  heat.  This  is 
reason  that  the  temperature  of  the  extreme  parti  of 
le  body  does  not  dimmish.  This  theory  is  extremely 
igenious,  and  accounts  for  the  whole  phenomena  in  a 
inch  more  satisfactory  manner  than  any  other  which 
been  proposed. 
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jim%  we  liave  resfon  to  suppoM  Itisit  chjle  tn^tf^l 
are  comvertcd  ifito  Mood  daring  the  circulmitoti  i  }mk» 
sides  the  langt  find  arteriei^  there  ts  another  ormik 
sole  use  of  which  is  also  to  prodtic^  some  dnope 
other  in  the  bloody  which  renders  it  more  rniipln 
and  more  proper  for  the  vartont  purposes  to  wliacliit  | 
tpplted.     This  organ  is  the  KiDKcr* 

A  very  great  proportion  of  blood  passes  tfaroogiei  i 
kidneys ;  indeed  we  haire  every  remaofi  to  coodiidf tfi 
the  whole  of  the  blood  passes  through  them  rtxfl^ 
queotly.     These  organ*  separate  the   urine  Cnj«#| 
blood,   to  be  afterwards  evacuated   withoat  I 
plied  to  any  purpose  useful  to  the  a^icniil. 

The  kidneys  are  absolutely  iteeeeiary  for  thei 
nuance  of  the  life  of  the  animal ;  for  it  dies  ▼ary  ifpl 
dily  when  they  become  by  disease  unfit  to  perioral illp 
functionf :  therefore  the  change  which  they  prodant 
the  blood  is  a  change  necessary  for  qualifying  it  li» 
swer  the  purposes  for  which  it  it  intended. 

As  the  urine  is  immediately  excreted^  it  is  niiaH 
that  the  change  which  the  kidneys  perform  ta  intoM 
solely  for  the  sake  of  the  blood.  It  is  not  merel/tk 
abstraction  of  a  quantity  of  water  and  of  salts,  i 
latcd  in  the  blood,  which  the  kidney  performs.  Adirj 
mical  change  is  certainly  produeed,  either  iipoe  1 
ivhole  bloof),  or  at  least  on  some  important  part  tf  j 
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Ibr  there  ire  two  substances  found  in  the  urine  whieh 
4o  not  exist  in  the  blood.  These  two  substances  are 
urea  and  uric  acid#  They  are  formed,  therefore,  in  the 
kidneys  ;  and  as  they  are  thrown  out,  after  being  form- 
cdf  without  being  applied  to  any  useful  purpose,  they 
certainly  not  formed  in  the  kidneys  for  their  own 
e.  Some  part  of  the  blood,  then^  must  be  decompo- 
sed in  the  kidney,  and  a  new  substance,  or  new  sub- 
stances, must  be  formed  ;  and  the  urea  and  uric  acid 
must  be  formed  at  the  same  time,  in  consequence  of  the 
combined  action  of  the  affinities  which  produce  the 
eliange  on  the  blood  ;  and  being  useless,  they  are  thrown 
out  together  with  a  quantity  of  water  and  aalts,  which^ 

all  probabiltty,  were  useful  in  bringing  about  the 
changes  which  take  place  in  thf^  arttrries  and  in  thekid« 
fteys,  but  which  are  no  longer  of  any  service  after  these 
ehanges  are  brought  about. 

The  changes  operated  upon  the  blood  in  the  kidneys 
•re  at  present  altogether  unknown  ;  but  they  must  be 
Important.  Provided  the  method  of  analysing  animal 
tubstances  were  so  far  perfected  as  to  admit  of  accurate 
eencltisions,  considerable  light  might  be  thrown  upon 
this  subject,  by  analysing  with  care  a  portion  of  blood 
firom  the  emulgent  vein  and  artery  separately,  and  as. 
eertaining  precisely  iu  what  particulars  they  dilfer  from 
each  other* 
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by  Bryan  Robertson  and  Rye  ;  and  in  Carolina  by  Li--  p^*^*^ 
ntiig*    The  result  of  all  these  experiments  has  been  col- 
Iccied  by  Halkr ;  but  it  gives  us  no  precise  estimate  of 
the  amount  of  the  transpiration,  since  these   philoso- 
phers have  not  distinguished   between  what  is  lost  by 
Ibe  skin  and  by  the  lungs,     Lavoisier  and  Segutn  alone 
bave  attempted  to  ascertain  the  amount  of  the  matter 
perspired  through  the  skin.     A  bag  composed  of  yar<» 
siished  silk,  and  perfectly  air*tight,  was  procured^  with- 
in which  Seguin^  who  was  usually  the  subject  of  expe* 
liment,  was  enclosed,  and  the  bag  was  closed  exactly 
Oirer  his  head.     There  was  a  slit  in  the  bagopp«isice  to 
bis  mouth,  and  the  edges  of  this  slit  were  accurately 
oemented  round  tlie  mouth  by  means  of  a  mixture  of 
turpcniine  and  piich<     Thus  every  tlting  emitted  by  the 
body  was  retained  in  the  bag,  except  what  made  its  e- 
icape  from  the  lungs  by  respiration.     By  weighing 
self  in  a  delicate  balance  at  the  commencement  of 
experiment,  and  again  after  he  had  continued  for 
flome  time  in  the  bag,  the  quantity  of  matter  carried  off 
by  respiration  was  ascertained,     fiy  weighing  himself 
iwilhout  this  varnished  covering,  and  repeating  the  ope* 
lion  after  the  same  interval  of  time  had  elapsed  as  in 
former  experiment,  he  ascertained  the  loss  of  weight 
loned   by  perspiration  and  respiration.     By  sub« 
LCting  from  this  sum  the  loss  of  weight  indicated  by 
'fhe  first  experiment,  he  obtained  the  quantity  of  matter 
which  made  its  escape  by  perspiration  in  a  given  time* 
The  foUowing  facts  were  ascertained  by  these  expcri* 
Oients: 

1 .  The  maximum  of  matter  perspired  in  a  minute 

Dounted  to  2G*25  grains  troy  ;  the  minimum  to  nme 

ins:  which  gives  l'i*63  grains  at  a  medium  in  the 
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miiiote,  w  52't9  ounces  io  the  84  bovm  TTai  ^b^ 
titj  dtim  kss  than  might  hftre  been  espfcUd  faaii 
fCiiill  of  foroker  cxpcriinciits  m«ile  bj  Dodm^ 

t.  Tbc  qitanlity  prn|itrcil  i»  increased  by 
ool  hj  solid  food. 

3,  FBrsptnuioa  ii  at  its  miotmum 
A  repast*     It  readies  its  maaumum  dtniiig  figuii 

The  qomiity  of  mattet  perspired  dUEom  irerj 
detsbly  according  to  drcuonsimnces.     It  has  beea 
to  be  greatest  io  hot  weaUser,  and  in  hot 
after  gresi  exercise  ;  and  its  relatioo  to  the  q\ 
oriae  has  beea  long  koosm.     Wfaen  tbr  aatfo-  fg^ 
Wfixwd  U  gtest^  the  qaaati^  of  arine  is  anidl»  aalsa 


To  asccTUia  the  sabslsace  thos  emitted  hf 
ttoo  is  a  difficult  tadc,  because  il  passes  gW  iiiriiii)^ 
aad  in  snaU  qtisntiKies  at  a  tinie*  It  has»  ootwhbilBl^ 
iil^  beea  aseertaiiicdy  that  vraicr,  carbon^  aad«i«i^ 
r,  are  eoiitted  s  and  that  aeetie  acid«  pbaifibMid 
aadrv^n  areSy  are  lometiines  etnttted  thn^ 
AedLbf. 

Il  baa  beea  sttpfkosed  that  the  ski«  baa  tbe  pnjpci^ 
af  ainarJkaqf  —lif si  ■  from  the  air ;  but  this  ofiiaiflaha 
I  bj  experimeatSy  bot  ratbcr  tbaaai 


10  favour  of  file  abaotfliiad 
beea  drmwa  from  the  quamtiy  of  wA 
hf  uriaa  bttag^  in  some  caacs,  aec  srff 
ten  the  wbde  driak  of  the  patsem,  bot  wm 


;  a.  rf  f . 


f  Sec  die  pfteeding  Chapter,  S^o*  tf 
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thma  the  whole  of  his  drink  and  food.  But  it  oDght  to 
be  remembered  that,  in  diabetes^  the  disease  here  allu. 
ded  to,  the  weight  of  the  body  is  contiouaUj  ditDinish- 
ingp  and  therefore  part  of  it  must  be  constanilj  thrown 
c»ff.  Besides,  it  is  scarcely  possible  in  that  disease  to 
get  an  accurate  account  of  the  food  swallowed  bj  the 
patients  ;  and  io  those  cases  where  very  accurate  ac- 
9unts  have  been  kept,  and  where  deception  was  not  so 
inch  practised,  the  urine  was  found  not  to  exceed  the 
quantity  of  drtok  *.  In  a  case  of  diabetes,  related  with 
s&uch  accuracy  by  Dr  Gerard,  the  patient  was  bathed 
vegularly  during  the  early  part  of  the  disease  in  warm 
water,  and  afterwards  in  cold  water :  he  was  weighed 
before  and  after  bathing,  and  no  sensible  difTerence  waj 
9veT  found  in  his  weight  !•  Consequently,  in  that  case, 
the  quantity  absorbed,  if  any,  must  have  been  very 
iaiali. 

It  is  well  known  that  thirst  is  much  alleviated  by 
cold  bathing.  By  this  plan  Captain  Bligh  kept  his  men 
cool  and  in  good  health  during  their  very  extraordinary 
Toysge  across  the  South  Sea,  This  has  been  consider*- 
ed  as  owing  to  the  absorption  of  water  by  the  skin^ 
But  Dr  Currie  had  a  patient  who  was  wasting  fast  for 
w«nt  of  nourishment,  a  tumor  in  the  a^sophagns  pre- 
venting  the  possibility  of  taking  food,  and  whose  thirst 
was  always  alleviated  by  bathing  ;  yet  no  sensible  in» 
crease  of  weight,  but  rather  the  contrary,  was  perceived 
mfier  bathing.  It  does  not  appear,  then,  that  in  cither 
iHf  these  cases  water  was  absorbed. 

Farther,  Seguto  has  shown  that  the  skin  does  not  ab* 
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siblc,  then,  that  water,  ivhcn  in  the  state  of  vapour,  CIwF»  nL 
rhen  dissolved  in  air,  maj  be  absorbed,  although 
iter,  while  in  the  slate  of  water,  may  be  incapable  of 
pervading  the  cuticle.  The  experiments,  therefore, 
which  have  hitherto  been  made  upop  the  absorption  of 
the  skin,  are  insufficient  to  prove  that  air  and  vapour 
cannot  pervade  the  cuticle,  provided  there  be  anjr  facts 
to  render  the  contrary  supposition  probable. 

Now,  that  there  are  such  facts  cannot  be  denied.  I 
shsll  not  indeed  produce  the  experiment  of  Van  Mons 
as  a  fact  of  that  kind,  because  it  is  liable  to  objections, 
and  at  best  is  very  indecisive.  Having  a  patient  under 
his  care  who,  from  a  wound  in  the  throat,  was  inca. 
[  pable  for  several  days  of  taking  any  nourishment,  he 
:kept  him  aUve  during  that  time  by  applying  to  the 
[1,  in  different  parts  of  the  body,  several  times  a-day, 
:>nge  dipt  in  wine  or  strong  soup  •,  A  fact  men- 
led  by  Dr  Watson  is  much  more  important,  and 
th  more  decisive.  A  lad  at  Newmarket,  who  had 
almost  starved  in  order  to  bring  him  down  to  such 
ight  as  would  qualify  him  for  running  a  horse  race, 
i  weighed  in  the  morning  of  the  race  day  ;  he  was 
^hed  again  an  hour  after,  and  was  found  to  have 
Bed  30  ounces  of  weight ;  yet  in  the  interval  he  had 
!y  taken  half  a  glass  of  wine.  Here  absorption  must 
ikwe  taken  place,  cither  by  the  skin,  or  lungs,  or  both, 
^k  difficulties  in  either  case  are  the  same  ^  and  what* 
^Br  renders  absorption  by  one  probable^  will  equally 
Rmgthen  tne  probability  that  absorption  takes  place 
the  other  f. 


•  P6ii,  M^i*  nu  95. 
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Wk  have  now  seen  the  progress  of  digestioti, 
formauoa  af  blood,  as  hr  at  Icaat  ms  we  are  acqn 
with  It.    Bui  to  what  puri>09ca  is  this  blood 
which  i§  formed  with  so  much  care,  suu)  for  the  J 
tion  of  which  wo  great  an  apparatus  hat  beco  pro 
It  anttwcrt  two  purposes.    The  parts  of  which  thti 
is  composed,  hooest  muscles,  ligamentSp  membraiiei,! 
are  continually  changing.    In  youth  ihey  are  tac 
in  sixe  and  itrcngth,  and  in  mature  age  thej  are  I 
nualljr  actings  and   conn'^uently  conttnually  liiUe^ 
waste  and  decay.    They  are  often  exposed  to 
which  render  them  unlit  for  performing  their ' 
fuDctioQs;  and  even  when  no  sudi  acctdent  bac 
aecns  necessary  for  the  health  of  the  ajrslem  thai  I 
should  be  every  now  and  then  renewed* 
therefore  must  be  provided  for  repairing,  incnaiiflj^f 
renewing  all  the  various  organs  of  the  body ;  ph 
of  lime  aod  gelatine  for  the  bocies,  Abrin  for  the  j 


thalf  after  wftlkiog  in  motit  air  for  m  boor  or  two*^  iMafMi 
Ptmte  otiocei  bearier  tlun  he  went  otir,  tiQtwith&unSag^  he  M  t^ 
cortiiileniMc  rvieuitioo  from  a  bridk  t>iirg«  ptirpotrly  ufccolor  dH< 
rimenr.     Thti  incTraie^  indeed^  mlj^ht  lie  part  If  sccoMDicd  fer  W  i 
«ir|  cioD  of  mobturv  by  hif  elothei. 
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cles,  albumen  for  the  cartilages  and  mcmbranest  &c»  Chap*  UU 
Accordingly  M  these  substnnces  are  laid  up  in  the 
blood  i  and  they  are  drawn  from  that  fluidp  as  from  a 
storehouse,  whenever  thcj  arc  required.  The  process 
hj  whkh  the  different  ingredients  of  the  blood  are  made 
part  of  the  various  organs  of  the  body  is  called  assimi* 

I.ATIOK. 

Over  the  nature  of  assimilation  the  thickest  darkness 
stiU  hangs  ;  there  is  no  key  to  explain  it,  nothing  to 
lead  us  to  the  knowledge  of  the  instruments  employed. 
Facts^  however^  have  been  accumulated  in  sufUcieol 
numbers  to  put  the  existence  of  the  process  beyond  the 
reach  of  doubt.  The  healing,  indeed,  of  every  fractu- 
red bone,  and  every  wound  of  the  body,  is  a  proof  of  its 
existence,  and  an  instance  of  its  action. 

Every  organ  employed  in  assimilation  has  a  pecti^ 
]^ar  oiHcc  ;  and  it  always  performs  this  office  whenever 
it  has  materials  to  act  upon,  even  when  the  perform- 
unce  of  it  is  contrary  to  the  interest  of  the  animal. 
Thus  the  stomach  always  converts  food  into  chyme, 
even  when  the  food  is  of  such  a  nature  that  ihe  pro- 
cess of  digestion  will  he  retarded  rather  than  promoted 
by  the  change.  If  warm  niilk,  for  instance^'  or  warm 
blood,  be  thrown  into  the  stomach,  they  are  always  de- 
composed  by  that  organ,  and  converted  into  chyme; 
yet  these  substances  are  much  more  nearly  assimilated 
to  the  animal  before  the  action  of  the  stomach  than  af* 
Irr  it.  The  same  thing  happens  when  we  eat  animal 
food. 

On  the  other  hand,  a  substance  introduced  into  an 
organ  employed  in  assimilation,  if  it  has  undergone  pre- 
cisely the  change  which  that  organ  is  fitted  to  produce^ 
i%  not  acted  upon  by  that  organ^  but  passed  on  iinalter* 


PvreiKn 
•ttbttancrt 

Ilia  7  be  in- 
corporated 
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ed  to  the  next  assimilating  orgao.  Thiti  it  is  the  oflki 
of  the  inte«ttfies  to  convert  cHjme  into  chjle,  Aoeot^ 
ingly,  whenever  chyme  is  introduced  info  the  inieitijie^ 
they  perform  their  office,  and  prodace  the  usuaJ  changi} 
bnt  if  chyle  ittetf  he  Introduced  into  the  ititrsttiiei»  it  ii 
absorbed  by  the  lacteaU  without  mlteration.  The  expc 
riment,  indeed,  has  not  been  iricd  with  true  cbyle,  be- 
cause it  is  scarce  possible  to  procure  il  in  stsAciot 
qu«iltty  ;  but  when  milk,  which  resembles  chyle  prcaj 
accurately,  is  thrown  into  the  jejanumt  it  is  abiorbei 
unchanged  by  the  lactcats*. 

Again*  the  office  of  tbe  blood- vessels,  as  assiinilatiag 
oi^insy  is  to  convert  chyle  into  blood.  Chyle,  ftctorf* 
ingly,  cannot  be  introduced  into  the  Arteries  witbiBt 
undergoing  that  change  ;  but  h/ood  m^y  be  introdaiil 
£roni<  another  animal  without  any  injuiy,  smd  coam^ 
quently  without  undergoing  any  cbioge.  This  > 
ment  was  first  made  by  Lower,  and  it  hn%  aioc 
Y€Ty  often  repeated. 

Alto,  if  a  piece  of  fresh  muscular  fleah  be  appUe 
the  muscle  of  an  animal,   they  adhere  and   incor 
without  any  changCi  as  has  been  sufGctently  cstabliii 
by  the  experiments  of  Mr  J.  Hunter  ;  mod  Burtiia  I 
ascertained,  that  fresh  bone  may,  in  the  tame 
be  engrafted  on  the  bones  of  animals  of  the  aame  orsf 
diflTcrent  species  f  * 

In  short,  it  seems  to  hold,  at  least  as  far  as  eipiii- 
meots  have  hitherto  been  made,  that  foretgts  atlbstaacii 
may  be  incorporated  with  those  of  the  bodj,  provilai 
they  be  precisely  of  the  same  kind  with  those  to 
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mre  added,  whether  fluid  or  solid.      Thus  chjlc    CKap*  l" 


may  be  raized  with  chyle,  blood  with  blood,  muscle 
with  muscle,  and  bone  with  bone.  The  c:cpenmeni  h»s 
not  been  extended  to  the  other  animail  substances,  the 
nerves,  for  instance  ;  but  it  is  extremely  probable  thai 
it  would  hold  with  respect  to  them  also* 

On  the  other  hand,  when  substances  are  introduced 
into  any  part  of  the  body  which  are  not  the  same  with 
that  part,  nor  the  same  with  the  substance  upon  which 
that  part  acts,  provided  they  cannot  be  thrown  out 
l-eadiiy,  they  destroy  the  part,  and  perhaps  even  the 
^animal.  Thus  foreign  substances  introduced  into  the 
blood  very  soon  prove  fatal  ^  and  introduced  into  wounds 
of  the  flesh  or  bones,  they  prevent  these  parts  from  heal- 
ing* 

Although  the  different  assimilating  organs  have  the  Powenol 
Jpower  of  changing  certain  substances  into  others,  and  uti^JT^r 
fot  throwing  out  the  useless  ingredients,  yet  this  power  g^.""  "* 
is  not  absolute,  even  when  the  substances  on  which  they 
fict  arc  proper  for  undergoing  the  change  which  the 
organs  produce.  Thus  the  stomach  converts  food  into 
chyme,  the  intestines  chyme  into  chyle,  and  the  sub* 
stances  which  have  not  been  converted  into  chyle  arc 
Ihrown  out  of  the  body*  If  there  happen  to  be  pre* 
»ait  in  the  stomach  and  intestines  any  substance  which, 
though  incapable  of  undergoing  these  changes,  at  least 
pj  the  action  of  the  stomach  and  intestines,  yet  has  a 
Itrong  affinity,  cither  for  the  whole  chyme  and  cbyJe^ 
or  for  some  particular  part  of  it,  and  no  afllnity  for  tlic 
aubslances  which  are  thrown  out,  that  substance  passes 
nlong  with  the  chyle,  and  in  many  cases  continues  to  re- 
chemically  combined  with  the  substance  to  which 
imited  in  the  stomach,  even  after  that  stibstance 
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hat  beea  completely  assimUateil»  and  made  a  put  tii 

bodjr  of  the  animal.     Thus  iber«  b  m  stfong  i 

tween  the  colouring  matter  of  madder  and 

of  lime.     Accordinglj^  when  madder  ia  taken  iBUi 

ilomach,  il  combines  with  the  pJiotphale  of  lime  of  | 

food|  passes  with  it  through  the  lacCeals  and  blood  f«>^ 

wchf  and  t%  deposited  with  it  in  the  bones»  at  i 

by  the  experiments  of  DuhameL    In  the  &anie  w/mm^ 

musk,  indigo,  &lc*  when  taken  into  tbm  atomadip  nli 

their  way  into  many  of  the  secretions. 

These  facts  show  us  thai  assimUation  b  a  diemiii 
process  from  beginning  to  end;  that  all  the  diangtiaa 
produced  according  to  the  laws  of  chemtitrjf  f 
we  can  even  derange  the  reguUritjr  of  the  pr 
introducing  substances  whose  mutual  afiuiiiiea| 
strong  for  the  organs  to  overcome. 

It  cannot  be  dented,  then,  that  the  nasi  mil 
food  consists  merely  in  a  certain  numbei  of  cl 
decompositions  which  that  food  tind^rgoes,  and  theeo^ 
sequent  formation  of  certain  new  compounds.  But  at 
the  itginit  employed  in  assimtlatton  merely  chcsoiol 
agents?  We  cannot  produce  anj  thing  like  ^ei 
ehanges  on  the  food  out  of  the  body,  and  therefore  if 
must  allow  that  they  are  the  consequence  of  the 
of  the  Rnim«i  organs.  But  this  action,  it  mjtj  bei 
is  merely  the  secretion  of  psrttcuUr  jutcet,  which  I 
the  property  of  inducing  the  wisbed-for  change  a| 
the  food  :  and  this  very  chinge  would  be  prodneed  \ 
of  the  body,  provided  we  could  procure  these 
ces,  and  apply  tf^em  in  proper  quantity  to  the  food* 
this  supposition  be  true,  the  specific  action  of  thei 
consists  in  the  secretion  of  certain  subsl 
quently  the  cause  of  this  secretion  ia  ill 
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luifnilatjoo*     Now,  can  the  caitu  of  thjs  socrctioa  be   ^tap.  hl 

ihown  to  hi^  ^     a  chemical  agent  ?    Ccrtamljr  np;* 

J'or  in  the  ^  where  only  this  sccrcuon  can  be 

3wa  to  exiit,  it  is  not  alwajs  the  same,  but  varies  «c* 

10  circumstances^      Thus  eagles  at  first  cannot 

.»  ^rain,  but  thcj  ooaj  be  brought  to  do  h  by  pcr- 

^aiuing  in  making  them  use  it  as  food.     On  the  contra^. 

IT,  a  lamb  cannot  at  fir^t  digest  animal  fbodt  butl^- 

kbjt  will  also  give  it  this  i  In  this  c  '- 

gnt  t!uii  die  gastric  juic^  ^  >  accordu   , 


prvst^Dce  of  some  sgeut,  difcreat  from  a  mere 
aj  power,  will  be  still  more  evident,  if  we  coo* 
ac  immunitj  of  the  stomach  of  the  living  aoimal 
ting  the  process  of  digestion*    The  stomadi  of  ani^ 
^-IIIbU  H  as  fit  for  food  as  any  other  substance*     The 
|tfic  juice,  therefore,  must  have  the  same  power  of 
ing  on  it,  and  of  discomposing  it,  that  it  has  of  act* 
^g  on  other  substances  ;  yet  it  is  well  known  that  the 
^  Ji  is  not  affected  by  digestion  while  the  animal 

life  I   thoughj  as  Mr  Hunter  ascertained,   the 
L  Tecy  gastric  juice  which  the  living  stomach  secretes,  olV 
leu  dissolves  the  stomach  itself  after  d«alh*   Now  wbal 
is  the  power  which  prevents  the  gastric  juice  from  act* 
on  the   stomach  during  life  ?    Certainly  neither  a 
aical  nor  mecbanical  agent,  for  these  agents  inutc 
fill  retain  the  same  power  afttr  death*      We  mxitt^ 
then,  of  necessity  conclude,  that  there  exists  in  the  aiii* 
*nal  an  agent  very  ditrercnt  £rom  chemical  and  mechm* 
powers,  siAce  it  cootrouls  ihe^e  powers  aecordiog 
lo  iLs  p]t^i4^ure*     These  |NMfe|i^  therefore,  in  the  living 
f^  arc  merely  the  sexnAHlli  of  this  superior  agrnt^ 
Ji directs  them  so  as  to  ae^jocupli^h  always  one  paiv 
/ '.  d  B 
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itcuUr  end.  Thli  agent  seems  to  ref^Utc  the 
powers,  chiefly  by  bringing  ooljr  cert aia  %vi 
gether  which  mn  to  be  decompoced^  and  by  kee|iii|| 
a  dt&tance  those  substances  which  would  iotetlmiq^ 
or  diminish,  or  spoil  the  product^  or  injure  the  c^; 
vnd  we  sec  that  this  separaiioti  ii  always  aitoidd  | 
even  when  the  substances  ore  appftreatly  miaed  itfk 
tlicf :  For  the  very  same  prodacu  arc  oot  oha4 
which  would  be  obtained  hy  mixing  Ibe  sajac  wk 
attncet  together  out  of  the  body,  that  are  prodacai^ 
mixing  them  in  the  body  ;  crons^quently  dl  tbciii 
stances  are  not  left  at  full  liberty  to  obey  ibe  ii 
their  mutual  affinities.  The  superior  agent, 
is  not  able  to  exercise  an  unlimited  authority 
chemical  powers  ;  sometimes  they  are  too 
it :  some  substances,  accordingly^  as  madder/  Mb 
their  way  into  the  system ;  while  others^  u  wttm, 
decompose  and  destroy  the  organs  of  the  body  tii» 
aelves. 

*  Bat  it  it  not  ift  digestion  alone  thai  this 
agent  makes  the  most  wonderful  display  of  its  poiw; 
it  is  in  the  last  part  of  asstmilatioo  that  our  adiainfiB 
is  most  powerfully  excited.  Hour  comes  it  ibtf  At 
precise  substances  wanted  are  always  cmrried  taetaf 
organ  of  the  body  ?  How  comes  it  that  fibrtn  ilit 
ways  regularly  deposited  in  the  muscles,  and  pbo^te 
of  lime  in  the  bones  ^  And  what  is  still  more  sav* 
countable,  how  comes  it  that  prodigious  qnaaiilHSsf 
some  one  particular  substance  are  formed  aod  ettoil 
to  a  particular  place,  in  order  to  supply  new  wants  sdriA 
did  not  before  exist  >  A  bone,  for  escample, 
diseased  and  unfit  for  the  use  of  the  animal ;  a  aea 
bone  therefore  is  formed  in  its  places  and  Ibe  old  mii 
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led  off  by  the  absorbents.      In   order  to  form  this     ChtpllL 
w  boot,  large  qaantUies  of  phosphate  of  lime  arc  de- 
sited  in  a  place  where  the  same  quantity  was  not  he- 
re necessary.     Now,  who  informs  this  agent  that  an 
onusual  quantity  of  phosphate  of  lime  is  necessary^  and 
iftit  It  must  be  carried  to  that  particular  place  ?   Or, 
jfranting,  as  is  most  probable,  that  the  phosphate  of 
^e  of  the  old  bone  is  partly  employed  for  this  pur- 
iiose^  who  taught  this  agent  that  the  old  bone  must  be 
teried  oW,  new^modelled,  aud  deposited  and  assimila- 
nd  anew  ?    The  same  wonders  take  place  during  the 
Mslmg  of  every  wound^  and  the  renewing  of  every  dis- 
mmd  part. 

*  -  But  neither  in  this  case  is  the  power  of  this  agent 
Wtr  the  chemical  agents  which  are  employed  abso* 
IbI^.  Wc  may  prevent  a  fractured  bone  from  heal- 
by  giving  the  patient  large  quantities  of  acids* 
mi  unless  the  materials  for  new-wanted  substances  be 
ipplied  by  the  food^  they  cannot  in  many  cases  be 
ed  at  all.  Thus  the  canary  bird  cannot  complete 
eggs  unless  she  be  furnished  with  lime.  • 

As  this  agent  which'characteriscs  living  bodies  does  Nimre  of 
t  appear  to  act  according  to  the  principles  of  chemis-         *^"*^ 
Iry,  any  inquiry  into  its  nature  would  be  foreign  to  the 
mbject  of  this  Work.     Physiologists  have  given  it  the 
wune  of  the  living  or  anima!  principle  j  and  to  them  I 
peg  leave  to  refer  the  reader. 

Besides  the  different  organs  of  the  body,  the  blood  is  i.  Bl^od 
also  employed  in  forming  all  the  different  secretions 
hich  arc  necessary  for  the  purposes  of  the  animal  eco- 
Imy.  These  have  been  enumerated  in  the  last  Chap- 
T.  The  process  is  similar  to  that  of  assimilation^  and 
todoubtedly  the  agents  in  both  cases  are  the  same ;  but 
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wc  are  c^itsJlj  igaarant  of  tbc  preckc  maaner  to 
»ecreuoit  it  performed  a^  w«  are  oC  assimlUtioQ, 

After  these  functions  have  gene  on  for  a  certaii 
which  h  longer  or  aborier  9t  inn^.lng  lothe  oaumdi 
aaimsil^  the  body  graiunUy  ,  ai  la&l  all  ia 

tiont  oease  cooipletely,  ao4,^Mt^niaia^  ditsh    *Diam 
of  tbi»  must  appeal  utraordinatyy  i^hco«i«» 

slder  the  power  ^1'  aqtcaal  has  of  renem|i^ 

cajred  parts  ^  for  ii  ciono^  be  doabted  that  dea4  f^ 
cecds,  ia  most  cases  at  least,  ftons  tbc  bodj  hexamf 
incapable  of  pcrforroin^r  its  functions^      But  if  mc 
aider  tliat  this  power  i%  limited^  and  ibat  it  nmK 
altogether  when  those  parts  of  the  sjsteni  bc^jaHi 
cay  which  are  employed  in  preparing   mtasiibiPl 
ture  asiiiaulation,  our  suipriiic  u^iUf  in  joc 
cease*     It  is  in  these  partly   in  the  or|;aos  of  ^fm^ 
and  assimilation^  accoidtJigly,   thai  tbia  dcc^ 
proves  fatal.     The  decay  in  other  parts  destroy 
only  when  the  w;i>ic  is  so  rapid    that  it  docs 
cif  repair* 

What  the  reasDii  is  thai  the  dccaj   of  tin) 
causes  deaths  or^  which  is  the  same  ihingt  ci 
living  priociple  cither  to  cease  to  act,  or  to  lean 
body  altogether,  it  is  perfectly  inspoiaible  to  njt 
cause  we  kiaow  too  little  of  tt;c   natiur^  of  Ibe 
principicp  and  of  the  manner  in  wbicb  it  is 
with  the  body.     The  last  is  eTidenUj  above  the 
iinderstandiog  ^  but  many  of  the  peopcrtsoa  of  tlir  Iirt| 
principle  have  beea  discovered;  aod  were  thefacad* 
ready  know  n  properly  arranged,  «iid  socfa  geociai 
elusions  drawn  i*rom  them  as  tlieir  cofineetioo  vnik^ 
other  fully  warranty  a  degree  of  light  waoU  bs 
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CHAP.    IV. 

OF  THE   DECOMPOSITION    OF  ANIIUI 
BODIES. 


JL9B  rapidity  with  which  aninial  bodies  underp  k 
compositiotiy  and  the  disgutriog  fetor  which  acQMq» 
niet  this  decomposition,  have  long  been  considmi  m 
tome  of  their  most  striking  pecaliarities.  This  iftit^ 
neons  destruction  is  denominated  fptre/itetm^*  Co«* 
derable  attention  has  been  paid  to  it  bj  chemists.  !» 
char  and  Stahl  have  described  with  fidelity  the  plM»> 
mena  with  which  it  is  attended,  and  the  circumitian 
necessary  for  its  taking  place.  Several  curions  remib 
on  it  were  made  by  Boyle  and  Beale  *•  To  Sir  Joki 
Pringle  we  are  indebted  for  some  important  experinerti 
on  the  method  of  retarding  putrefaction f  ;  neither  «i 
the  expeiiments  of  Dr  Macbride  less  valuablci thoa|h 
the  consequences  which  he  drew  from  them  were  ens- 
neous.  We  are  indebted  also  to  Crell  and  Priestlejk 
many  valuable  facts ;  and  to  Berthollet  and  Lavoiscr 
for  the  first  attempU  to  determine  the  real  chsogo 


♦  Fhii.  Trans.  IT.  113J.  I  Ibid.  xIyi.  480.  &c 
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^bich  take  place^  and  the  manner  in  which  the  nesr  Chap,  iv, 
products  which  appear  during  putrefaction  arc  formed* 
But  notwithstanding  the  labours  of  these  philosophers^ 
Rnd  of  man  J  others,  much  is  sdll  wanting  to  enable  us 
to  trace  the  complicated  changes  which  take  place  du- 
ring putrefactiooi  and  to  account  for  them  in  a  satiafac* 
lory  manner. 

It  has  been  ascertained  long  ago,  that  putrefaction  Conditiont 
never  takes  place  in  those  animal  substances  which  con-  lo^pufrV 
tain  only  two  or  three  ingredients^  such  as  oils^  resins^  f»cuon. 
sugar  i  they  must  always  he  more  complicated  in  their 
^fotture  :  and  perhaps  in  &U  cases  a  mixture  of  two  or 
Inore  compound  bodies  is  necessary  for  speedy  decom- 
|iQsition.  But  however  complicated  the  animal  sub* 
lUace  may  be^  it  does  not  putrefy  unless  moisture  be 
present ;  for  dry  animal  substances  are  not  susceptible 
pf  alteration.  A  certain  degree  of  heat  is  also  necessa* 
ry*  Animal  bodies  may  be  kept  without  decomposing 
for  any  length  of  time  at  the  freezing  temperature.  la 
jgeneral,  the  higher  the  temperature  the  more  rapid  is 
the  putrefaciion»  provided  the  heat  be  not  great  enough 
to  reduce  the  animal  body  to  dryness.  It  has  been  ob- 
icrvedj  too,  that  putrefaction  advances  with  more  rapi^ 
dity  in  the  open  air  ;  hut  exposure  to  the  air  is  not  ne^ 
pessary,  though  it  modifies  the  decomposition. 

When  these  conditions  are  observed,  and  dead  ani-  Putrefy- 
m&I  matter  is  left  to  itself,  its  cplour  becomes  gradually  kir, 
p^er,  and  its  consistence  diminishes  i  if  it  be  a  solid 
part,  such  as  flesh,  it  softens,  and  a  serous  matter  sweats 
But,  whose  colour  quickly  changes  ;  the  texture  of  the 
part  becomes  relaxed,  and  its  organization  is  destroyed  i 
it  acquires  a  disagreeable  smell ;  the  substance  gradu- 
ally sinks  down^  and  is  dimiai&bed  in  bulk  ^  its  smell 
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BooJtV*     becomes  strongly  immoniaeal.     If  the  subject  V- 
'  mntd  in  a  close  vcsiel,  the  pragrcss  of  putrcfi 

Ikis  ftage  seems  to  slacken  ;  do  other  smcU  but 
m  pungent  ^alkali  is  percelircd  ;  the  matter  el 
with  acidly  and  converts  sjrrop  of  riolrts  to  a  gieoL 
Btit  if  the  communication  vrtth  the  air  he  udmitte^  Ik 
urinous  rxUaUtion  is  dissipated,  aod  a  peculiar  palal 
smell  i%  spread  arDund  with  a  kind  of  impetuorilf,  i 
smell  of  the  most  insupportable  kitidy  which  lastial«{ 
trmei  and  pervades  ever/  p1ace»  affecting  the  bs&irf 
living  antmah  after  the  manner  of  a  ferment,  captUtif 
alttn'n^  Hie  fluids  :  this  smell  is  corrected,  and  at  it  wm 
confined  bjr  ammonia.  When  the  latter  ts  rohti.iti 
the  putrefactive  process  become 

and  the  substance  suddenly  s^^*-^  ^.j,    ^^.  ^; -„^ 

vrtth  bubbles  of  air^  and  soon  after  subsides  again,  h 
cdlour  changes,  the  fibrous  tejeture  of  the  flesh  h* 
scarcely  distinguishable  ;  and  the  whole  is  ehaogenim 
a  soft  brown  or  greenish  matter,  of  the  conusteiKf  «f 
8  poultice,  whose  smell  is  fain^  nauseous,  sod  ntp 
aetire  on  the  bodies  of  animals.  The  odoraut  prtadpie 
gradually  loses  its  force,  the  Auid  pordon  of  the  fl&l!! 
assumes  a  kind  of  consistence,  its  colour  becomri  decf* 
er,  and  it  is  finally  reduced  into  a  friable  matter*  ntkr 
deliquescent :  which  being  rubbed  between  the  6^pf\ 
breaks  into  a  coarse  powder  like  earth*  This  is  tbs 
last  stMe  observed  in  the  putrefaction  of  animal  idb* 
stances  ^  they  do  not  arrive  at  ibis  term  but  at  ibectij 
of  a  considerable  time  *• 

Products.         During  this  decomposition  a  variatj  i>f  gaseous  to* 
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dies  arc  emitted  :  theic  trary  accord tng  to  the  substance    Cftap,iv, 
exposed  to  Jiutrefaclion  ;  but  they  consist  chiefly  of  hy- 
drogen gas,  holding  sulphur,  phosphorus,  and  carbon  in 
solution  ;  of  ammonia^  water,  and  carbonic  acid,  and 
perhaps  also  of  azotic  gas.     Nitric  acid  seems  in  somej 
cases  to  be  formed  and  emirted.     The  earthy-like  re- 
siduom,  which  remains  after  the  decomposition  is  com* 
pletedy  consists  of  the  fixed  pans  of  the  animal  sub-i 
stance,  mixed  with  charcoal,  oil»  and  ammonia.      Thui^ 
it  appears  that  putrefaction  consists  in  a  total  decompo- 
sition of  the  animal  body  ;  the  elements  of  which  com- 
bine together  two  and  two,  and  thus  form  a  new  set  of  j 
less  complicated  bodies.      But  any  attempt  to  explain 
ihc  manner  in  which  these  changes  lake  place  would  bei 
exceedingly  imperfect  indeed  ;  not  only  because  we  are*^ 
ignorant  of  the  strength  of  the  affinities  of  the  dtlFerent 
elementary  parts  of  animal  bodies  for  each  other,  but^ 
because  we  do  not  even  know  the  manner  in  which:* 
these  elements  are  combined,  and  consequently  we  can- 
tiet  know  by  what  particular  forces  these  compounds 
arc  destroyed. 

In  carcases  burled  in  the  earth,  putrefactton  takes  P^t'cfa^* 
place  much  more  slowly  ;  but  it  is  scarcely  possible  to  grouoii. 
observe  its  progress  with  accuracy.  Tlie  abdomen  is 
gradually  dilated  with  elastic  fluids,  which  make  their 
appearance  in  it,  and  at  last  il  bursts  and  discharges  a 
horribly  fetid  and  noxious  gas  ;  at  the  same  lime  a 
dark  coloured  liquid  Bows  out.  If  the  earth  be  very 
dry,  and  thehe:it  considerable,  the  moisture  is  often  ab* 
sorbed  so  rapidly,  that  the  carcase,  instead  of  putrefy- 
ing, dries,  and  is  transformed  into  what  is  called  a 
mummy. 

Such  are  the  phenomena  when  dead  bodies  are  left 


tM 


DECOHFOSITIOK  Of 


^*p»^^»,   te  putrefy  scparatcljr ;  bai  when  gremt  nombcrs  oCt 
PtttfriAc      cases  are  crowded   together  in   one   place,  and  «r& 

^nUatc^d     ab^i'^dant  as  lo  exclude  Uic  action  of  cxtersial  air 

aButudmst*  other  foreign  agents,  their  decom portion  is  cntirdj 

cposequence  of  the  reciprocal  action  of  their  iogredk 

ihcmsclves  upon  each  other*  and  the  resolt  is  very 

ferent.     The  body  is  not  entirely  disisipated  or  redoi 

to  mouldy  but  all  the  soft  parts  are  found  diminii 

remarkably  in  si^e,  and  converted  into  a  peculiar 

nacMus  matUr*     This   singular  change  was  first 

rately  observed  in  the  year  nsfl. 

Omvrrtcft         The  burial  ground  of  the  Innocents  in  Farts  bin 

JJJ^^^*^   become  noxious  to  those  who  Jived  in  its  neigbboi 

•■**»^*        hood,  on  account  of  the  disagreeable  and  hurtfol  od< 

which  \l  exhaled^  it  was  found  necessary  to  remove 

carcases  to  another  place*,,  X|  bad  boen  osoal  to 

▼ery  large  pits  in  that  burial  ground^  and    to  fill  th 

with  the  carcases  of  the  poorer  sort  of  people^  eaeli 

i;t  proper  bier  $   and  wbet^  they  were  quite  fidl, 

cover  thefn  with  about  a  foot  deep  of  earthy  and  to 

another  similar  prt>  and  fill  it  in   the   aame   maai 

Each  pit  held  between  |000  and  1500  dead  bodies 

was  in  removing  the  bodies  from  these  pats  tKat  1 

aaponaceous  substance  was  found.     The  grave*di£| 

laA  ascertained,  by  long  experience^  that  abou 

years  were  required  before  all  the  bpdies  bad  ii» 

Ibis  change  in  its  full  extent  •.    Every  part  of  the 

acquired  the  properties  of  this  substance.      The  m\ 

tines  and  viscera  of  the  thorax  had  completely  dii 

peared  i  but  what  is  singular  enough,  the  brain  bad  Ii 
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but  little  of  its  lire  or  gppcfttance,  though  it  was  also  Chap,  m 
converted  into  the  same  substance. 

This  saponaceous  matter  was  o!  a  white  colour,  soft  It«  proper- 
and  unctuous  to  the  touchy  and  melted,  when  heated^ 
like  tallow.  It  exhibited  all  the  properties  of  a  saap^ 
containing,  however,  an  excess  of  fatty  matter.  Four* 
croy,  who  analysed  it,  found  that  it  was  composed  of  « 
fatty  matter  combined  with  ammonia,  and  that  it  con- 
tained also  some  phosphate  of  lime  and  ammonia.  Pi. 
luted  acids  decomposed  it,  and  separated  the  fatty  mat- 
ter :  alkalies  and  lime,  on  the  other  hand,  drove  qS  the 
ammonia.  When  exposed  to  the  air  it  gradually  lost 
its  white  colour ;  the  ammonia,  in  a  great  measure,  eva- 
porated \  and  what  remained  had  something  of  the  ap- 
pearance of  wax.  It  absorbed  water  with  great  avi* 
dity,  and  did  not  part  with  it  readily.  Its  white  colour 
was  owing  to  the  presence  of  that  liquid*  The  oilj 
piatter,  when  separated  by  means  of  a  diluted  acid,  was 
concrete,  and  of  a  white  colour,  owing  to  the  mixture 
of  a  quantity  of  water.  When  dried,  it  acquires  a 
greyish-brown  colour,  a  lamellar  and  crystalline  tex* 
ture,  like  that  of  spermaceti  ;  but  if  it  has  been  rapidly 
dried,  it  assumes  the  appearance  of  wax.  It  melts 
when  heated  to  1 26**  \  when  properly  purified,  by  pass* 
ing  it  through  a  linen  clotli  while  fluid,  it  has  scarcely 
any  smelh  Alcohol  does  not  act  upon  it  while  cold^ 
but  at  the  temperature  of  120^  it  dissolves  it :  when  the 
solution  cools,  the  fatty  matter  precipitates^  and  forms 
a  gritty  mass.  With  alkalies  it  forms  a  soap  9  and 
when  set  on  fire  it  bums  precisely  like  oil  or  fat,  only 
that  it  exhales  a  more  unpleasant  odour  *. 


f  Fourcroy,  Aui*  it  Chm^  viii.  t;.     A  fet  of  eiperimeiics  on  i  iiml- 


Water,  or  preventing  that  liquid  from  acting  upoa  these 
bodies  in  its  usual  manner*  In  this  way  the  acids^ 
SDgar,  alcohol,  &x.  seem  to  prevent  or  retard  putrefac- 
tion. 

3-  It  is  well  known  that  common  salt  is  a  powerful 
antiseptic.  Hence  the  practice  of  salting  meat^  and  the 
length  of  time  which  meat  that  has  undergone  this  ope« 
ration  may  be  kept.  Several  other  salts,  especially 
nitre,  possess  the  same  property.  In  what  manner  these 
bodies  act  has  not  been  ascertained ;  but  they  undoubt- 
edly produce  some  chemical  change  upon  the  meat  i  for 
they  alter  its  taste,  its  colour,  and  other  sensible  pro* 
pertics. 

4,  Many  aromatics,  such  as  camphor,  resins,  volatile 
oilS|  bitumens,  and  other  similar  bodies,  act  with  cotisi* 
derable  efficacy  in  preserving  animal  bodies  from  putre- 
faction. Hence  their  utility  in  embalming.  In  what 
the  action  of  these  substances  consists  has  not  been  as« 
certained.  Part  of  their  efficacy  is  doubtless  owing  to 
the  rapidity  with  which  the  animal  substances  to  which 
they  are  applied  lose  their  moisture ;  and  something 
may  be  ascribed  likewise  to  their  odour,  which  keeps 
insects  at  a  distance,  and  thus  prevents  the  lodging  of 
excrement! tious  matter,  which  always  acts  powerfully 
as  a  putrefactive  ferment* 
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In  a  science  of  so  extensire  a  nature  as  Chemistri 
which  is  cultivated  in  so  many  different  countries,  aiKi 
by  so  numerous  a  body  of  enainent  philosophers,  new 
facts  must  be  continually  expected ;  and  our  opinions 
and  theories,  which  ser\'e  merely  as  stepping-stones  to 
conduct  us  to  trutb^  must^  in  consequencey  be  frequently 
altered  and  modified  anew.  Since  the  commenoe- 
ment  of  this  Edition  a  considerable  time  has  elapsed, 
during  which  many  important  additions  have  been 
made  to  our  knowledge.  Such  of  these  discoveries  as 
could  be  introduced  into  the  preceding  Work  have  been 
already  explained  ;  those  which  were  not  published 
soon  enough  to  be  inserted  in  tbeir  proper  place^  or 
which  did  not  come  soon  enough  to  hand,  I  think  it  ne- 
cessary to  enumerate  in  an  Appendijc,  that  the  reader 
may  have  as  complete  a  view  as  possible  of  the  present 
state  of  the  science.  In  this  enumeration  I  shall  follow 
exactly  the  order  of  arrangement  which  has  been  adopt* 
ed  io  the  Work  itself. 
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Part  I.— Book  I.— Division  I. 
Chap.  II.   Of  Simple  Combustibles,  Vol.  I.  p.  30. 

Since  this  Chtpter  was  printed  several  important  ex. 
periments  have  Been  nii.de  on  the  simple  combustiblesi 
and  a  new  one  has  been  discovered  and  added  to  tbc 
list. 

I.     Carbon. 

Mr  DAvrhas  exposed  plumbago,  well  bumtchsrcoal, 
and  the  diamond,  to  the  action  of  a  galvanic  battery  a 
a  Torricellian  vacuum.     Plumbago  yielded  noj^ieoo  * 
product  whatever,  neither  was  an j  change  pieced 
upon  it  when  heated  with  potassium,  excepting  dnkk 
appeared  to  combine  with  that  metal.    Charcoal,  in  fle 
Torricellian  vacnum,  gave  out  an  intense  purple  Ggkti 
and  emitted  some  inflammable  gas,   lOO  measnres  rf 
which  absorbed  75  measures  of  ozjgen  gas,  and  produ- 
ced 37*5  measures  of  carbonic  acid.    These  proportioof 
correspond  with  tliose  of  no  known  gas.     Potassiam 
and  charcoal  when  heated  together  combine,  but  evolve 
no  gas.   When  the  diamond  and  potassium  are  heated 
together  in  glass  tubes,  no  elastic  fluid  is  given  out|  but 
tile  diamonil  soon  blackens,  and  scales  seem  to  detach 
themselves  from  it.     The  potassium  when  thrown  into 
water  evolves  less  hydrogen,  indicating  that  it  has  ab- 
sorbi-d  a  portion  of  oxygen.      From  these  expcrimcnti 
Mr  Davy  infers,  that  plumbago  consists  of  pure  carbon 
combined  with   about  -,' -ih  of  iron,   that  charcoal  con- 
tains  a  little  hydrogen,  and  that  the  diamond  contains  i 
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itlc  oxygen  *•  But  it  appears,  from  the  experiments  Cjiap.  U^ 
of  Thenard  and  Gay  Lussac,  that  plumbago  likewise 
cootatns  hydrogen.  For  when  oxy muriatic  acid  gas  ta 
passed  over  red-hot  plumbago,  it  is  converted  partly  in- 
to common  muriatic  acid  gas.  Now  water  is  an  esien- 
tUl  constitnent  of  that  gas ;  of  course  water  most  have 
ecu  formed,  and  the  hydrogen  must  have  been  supplied 
by  the  plumbago.  By  a  similar  experiment  these 
[itlemen  ascertained  the  existence  of  hydro|;eo  in  char- 
If.  Pure  carbon  then,  unless  hydrogen  be  admitted 
a  constituent  of  it,  still  continues  unknown* 
firugnatelli  has  endeavoured  to  show  that  charcoal 
IS  the  property  of  combining  with  oxygen,  and  with 
iydrogen,  without  altering  its  appearance  much,  and 
tiat  the  new  compounds  possess  different  chemical  pro- 
erties  from  pure  charcoal  |. 

fierthollet  has  lately  exposed  charcoal  to  a  violent  Axote  twm\ 
eat  in  porcelain  and  glass  retorts,  and  shown  that  the   ^     ^ 
9,  which  comes  over,  contains  a  mixture  of  azote. 
be  proportion  of  this  gas  increases  as  the  distiUatioa 
eeds.     Hence  he  concludes  that  azote  is  one  of  the 
^stituents  of  charcoal  $,     When  the  heavy  inflam'»> 
suable  airs  obtained  from  charcoal,  and  from  various 
■imimal  and  vegetable  bodies,  are  detonated  wiih  oxygen, 
there  is  always  a  gaseous  residue  to  be  observed,  which 
.ivill  not  burn,  and  which  is  not  absorbed  nor  altered  by 
ay  substance  applied  to  it  or  mixed  with  it*     This  re* 
iue  is  what  BerthoUei  considers  as  azote.     It  is  re- 
raised merely  by  its  negative  properties,  which  seem 
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|)lUc6tl  frequently  contains  small  quaotities  of  sulphur 
re  ted  hydrogen,  carbonic  acid,  and  olefiant  gas*  and 
lie  has  supposed  that  pure  hydrogen  gas  is  often  an  in* 
gredient  in  the  lightest  gases.  But  this  last  supposition 
1  consider  as  very  unlikely  to  be  true  }  for  hydrogen 
*h2s  such  a  tendency  to  combine  with  carbon,  that  it 
i^can  scarcely  be  evolved  pure  when  in  contact  with 
charcoal.  As  to  Berthollet's  second  opinioni  that  the 
beavy  inBammable  airs  are  all  oxycarbureted  hydrogen, 
I  must  acknowledge  that  every  one  of  them  examined 
hy  myself,  and  I  have  analysed  a  good  many,  contain- 
ed oxygen.  But  this  is  not  sufficient  to  decide  the 
question  ;  because,  if  carbonic  oxide  contains  no  hjm 
drogeo,  and  BerthoUet  himself  allows  that  it  some^ 
times  is  nearly  free  from  it^  we  baVe  only  to  suppose 
m  mixture  of  that  gas,  to  account  for  the  oxygen  which 
(We  find  in  the  gases  examined.  Upon  the  whole,  the 
UBubject  is  still  so  obscure,  that  many  new  experiments 
,mre  necessary  before  our  opinions  can  be  fixed  ^. 

II.  Phosphorus. 

From  Mr  DavyS  experiments  there  is  reason  to  con* 
iclude,  that  phosphorus  contains  both  hydrogen  and  oxy* 
igen.  When  phosphorus  is  exposed  to  the  action  of  a 
powerful  galvanic  battery,  a  quantity  of  phosphureted 
fiydrogen  gas  is  emitted,  sometimes  amounting  to  four 
times  the  bulk  of  the  phosphorus  acted  upon*  Wheti 
phosphorus  and  potassium  are  fused  together,  they 
combine  with  a  most  vived  light  and  intense  ignitions 
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fliltited  muriatic  acid^  siJphtireted  hydrogen  gas  is  emit- 
ted^ but  less  in  quantity  than  the  bulk  of  the  hydrogea 
gas  which  the  potassium  would  have  given  out  when 
mted  with  water,  and  the  (quantity  of  sulpfmrcted 
liydrogen  gas  is  diminished  by  increasing  that  of  the 
sulphur.  Now  tills  cannot  well  be  explained^  without 
supposing  that  the  sulphur  has  given  out  oxygen  to  t};e 
potassium.  Mr  Davy  has  shown,  that  the  sulphur  ia 
aulDhureted  hydrogen  gas  is  in  its  usual  state ;  yet  when 
potassium  is  heated  in  this  gajs,  it  bums  and  is  partly 
converted  into  potash  j  hence  it  must  have  absorbed 
^,  oxygen  from  the  gas,  and  hence  the  sulphur  in  that 
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IV*  Boracium* 


This  substance,  which  constitutes  the  base  of  boracic 
acid,  has  been  recently  separated  and  examined^  incon- 
sequence of  the  new  analytical  methods  pointed  out  by 
Mr  Davy.  Soon  after  his  discovery  of  the  method  of  ^,^^*  ^ 
decomposing  the  fixed  alkalies^  he  exposed  boracic  acid  ^^^^^ 
to  the  action  of  the  galvanic  battery,  and  observed  that 
m  black  matter  was  deposited  upon  the  negative  wire^ 
which  he  considered  as  the  basis  of  boracic  acid.  Bm 
\t  did  not  prosecute  the  discovery  at  the  time.  In 
the  summer  of  1S08|  Messrs  Gay  Lussac  and  The. 
oard  succeeded  in  decomposing  boracic  acid,  by  heat- 
ing it  in  a  copper  tube  along  with  potassium*  They 
examined  its  base,  and  published  an  account  of  its  pro* 
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,  •  *5.  Wbcfi  heated  in  the  open  air,  or  m  contact  with 
#xjgeti  gas,  it  takes  fire  at  a  temperature  below  the 
%mHng  point  of  olive  oil,  and  burns  with  a  red  light 
lad  scintillations  like  charcoal,  and  is  converted  into 
Ikiracic  acid.  It  is  difficnlt  to  bum  it  completely,  be« 
ttnse  the  boracic  acid  first  formed,  furnishes  a  vitreous 
crust,  which  protects  the  residue  of  the  boracium  from 
the  action  of  the  oxjgen.  When  this  crust  is  washed 
l>ff,  the  boracium  is  found  in  the  state  of  a  black  mat- 
ter, which  does  not  take  fire  till  it  be  heated  nearly  to 
redness,  and  which  absorbs  less  oxygen  during  its  com- 
bustion than  the  olive  coloured  matter.  Hence  it  is 
probablci  that  this  black  matter  is  an  oxide  of  bora- 
tium. 

-  Gay  Lussac  and  Thenard  have  concluded  from 
liieir  experiments,  that  100  parts  of  boracium,  when 
burnt,  combine  with  50  parts  of  oxygen,  and  form 
150  of  boracic  acid*  Mr  Davy,  on  the  other  hand, 
bas  concluded  from  his  experiments,  that  boracic  acid 
is  composed  of  100  parts  of  boracium,  and  200  of 
#xygcn  ;  and  the  black  oxide  of  boracium,  of  100  bo« 
racium,  and  33  of  oxygen,  I  have  not  had  an  oppor* 
tunity  of  seeing  the  way  in  which  the  French  chemists 
performed  their  experiments,  as  no  details  are  given, 
cither  in  the  Joumai  di  Physique  (Ixvii.  395),  or  in  the 
Memoires  d'Arcucil  (ii,  311.),  in  both  of  which  their 
account  of  boracium  has  been  published.  Mr  Davy*s 
experiments  were  made  with  great  care  ;  and  though 
absolute  precision  in  a  case  of  this  nature  is  not  to  bo 
expected,  they  may,  witboot  hesitation,  be  received 
as  at  least  a  pretty  close  approximation  to  it*  He  found 
that  30  grains  of  potassium  decomposed  such  a  quan, 
{ity  of  boracic  acid^  as  left  2' I  grains  of  boracium. 
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«nd  hcsited  to  whitcnets,  it  assumes  tbc  lustre  of  plum- 
bsgOy  and  becomes  a  conductor  of  electricity.  lo  this 
fetatc  it  cfTervesces  slightly  with  water.  But  if  it  be  ex- 
posed lo  the  air  for  a  few  miutites  it  becomes  olive^ 
loses  its  conducting  power,  and  its  property  of  effer« 
vescing  with  water.  When  intensely  heated,  mixed 
ivilh  a  little  potassium^  and  covered  with  iron  iiUngs,  it 
Mmbines  wiih  the  iron,  and  forms  a  dark  metallic  mass^ 
which  conducts  electrity,  and  eifervesces  slightly  with 
waien  Such  are  the  experiments  which  have  led  Mr 
Davy  to  suppose  boracium  to  contain  oxygen»  and  to 
coojecture  that  the  pure  base  is  of  a  metallic  nature* 
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Chap.  III.    Simple  Ikcombustiblei. — Sect.  !• 

Azote — Vol.  L  p.  104. 

Fkom  the  recent  experiments  of  Mr  Davy  there  are 
strong  reasons  to  conclude  that  azote  is  a  compound  i 
but  as  these  experiments  have  not  yet  led  to  results  per* 
fectly  saii&lactory,  I  shall  give  a  detail  of  them  rather 
under  ihe  head  of  ammonia  thaa  in  this  place*  because 
they  consist  in  treatbg  that  alkaliue  {as  with  potassium, 

IL     Muriatic  acid* 

Maky  experiments  on  this  acid  have  been  recently 
made  by  Davy  *,  Thenard  and  Gay  Lussac  f,  and 
BerthoUet  tt  which  have  brought  to  light  some  singular 
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Irogeii  gas  Is  developed^  as  apppears  when  potassium    C1iap>  m.^ 
treated  with  water. 

2.  Various  attempts  were  made^  both  by  Dav^y  and   '^^^If'tl 
French  chemists^  to  obtain  muriatic  acid  gas  free   tiincd  puie. 

om  watcfp  by  decomposing  a  muriate  by  means  of 
me  substance  which  contained  no  water.     But  none 

f  these  attempts  were  successfuL     When  dry  muriate 

f  soda  is  mixed  wiib  vitreous  boractc  or  phosphorio 
ids  intensely  heated^  no  decomposition  whatever  takes 
^place  ;  but  if  the  vapour  of  water  be  brought  in  contact 
Hirith  the  mixture*  muriatic  acid  gas  is  disengaged  abun- 
|l«ntly*  In  the  same  way  Mr  Davy  tried  inelFcctually 
'lo  decompose  common  salt  by  means  of  dry  sulphate 
«DJ  iron^  thotigh  that  salt  in  its  ordinary  stale  decom* 
k|Mises  common  salt  very  readily «  When  common  salt 
mad  siliceous  sand  or  dry  clay  are  strongly  heated,  no 
ilecomposttion  takes  place  ;  but  when  the  vapour  of 
iwater  comes  in  contact  with  these  bodies,  muriatic  acid 
^as  is  disengaged  in  abundance*  Corrosive  sublimate 
is  a  salt  which  contains  muri&tic  add  without  any  mix« 
lure  of  water.  Attempts  were  made  to  obtain  it  from 
thia  salt  by  distillation  with  phosphorus  ;  a  liquid  came 
Dver,  which  proved  a  compound  of  phosphorus  and  7- 
muriatic  acid,  and  to  which  Thenard  and  Gay  Lussae; 
the  discoverers  of  ii,  have  given  the  name  o£ phorphurtttd 
muriaiic  acid*  Mr  Davy  endeavoured  to  deprive  this 
liquid  of  its  phosphorus  by  means  of  potaisium  ;  but 
:^hen  the  two  substances  were  heated  together^  the  con- 
^ sequence  was  a  violent  explosion,  which  destroyed  the 
vessels.  He  succeeded  indeed  in  depriving  very  mi- 
cute  quantities  of  this  liquid  of  a  considerable  poriioa 
.  of  their  phosphorus,  but  the  quantities  were  too  small 
|a  determine  exactly  their  properties.    When  the  fuming 
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mtirUte  of  tin  of  Ltbarius  is  distilled  with 
Uiere  comes  over  a  quantity   of  solpbiireted 
ftridy  from  wbtch  the  imirisiic  add  emitcioi  b«  tcptnli 
free  by  mny  process  hiiherto  tried. 

5.  Qsjrmuriatic  mcid  g«Sy  as  sppemrs  fron  tbieoti 
riments  both  of  Davy  and  the  French  ehendttSf  tmam 
no  water  ss  an  essential  constituent.  It  mtjr  kaii 
pcffectly  dry  by  the  usual  hygromotriod  »<lboii,  K 
it  could  be  deprived  of  its  oxygcfi,  tli€refefe» 
losing  its  elasticity,  muriatic  acid  gms  would  be 
perfectly  free  from  water*  £xpcriiiieiits  vua  wk 
with  that  view  both  by  Davy  mud  the  Frvttdi  dioi^ 
but  they  were  all  onsuccessfiiK  Mr  Davyatii^ 
to  free  oxy muriatic  acid  gas  frotn  its  oxygen  bjaai 
of  phosphorus*  The  phosphorus^  as  is  wall  kao^ 
bums  spontaneously  in  this  gas.  JDctring  the  eoBl» 
lion  no  muriatic  acid  gas  was  evolved.  Two  sohMMB 
were  obtatned^  a  white  sublimate  whicli  eoUoltl  i 
the  lop  of  the  retort^  and  a  fluid  m%  limpd  u  wm^ 
which  trickled  down  its  sides ;  the  first  was  ia 
dermble  quantity^  the  last  only  in  the  quajitity  of  i  lis 
drops*  The  sublimate  emitted  fumes  of  muriatkKi 
when  exposed  to  the  air*  When  brought  in 
vrith  water^  it  evolved  muriatic  actd  gms^  and  left  pk^ 
phoric  acid  and  muriatic  add  dissolved  in  the 
It  was  a  non-conductor  of  electricity^  and  did  not  km 
when  heated,  but  sublimed  completely  at  the  tespev 
ture  of  212^.  It  seems  a  compound  of  moriatie  « 
phosphoric  acids  in  their  dry  states*  Tho  flosd  Mi 
pale  greeoish  yellow  colour,  and  was  very  limpid, 
disappeared  rapidly  in  the  open  air,  emiltisg  A 
fumes  with  a  smell  somewhat  different  from  that 
fiatif  acid.    It  reddened  litmus  puper  in  its 
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state,  but  had  oo  effect  upoD  paper  vvhich  had  been  well    Chap,  m. 
dried.     It  was  a  non>coaductor  of  electricity,     t  seems 
a  compound  of  phosphorous  and  muriatic  acids* 

The  action  of  sulphur  to  deprive  oxTmuriatic  acid 
of  its  oxygen,  was  tried  both  by  Davy  and  Thenard 
and  Gay  Lussac*  but  without  success*.  No  gas  was 
evolved,  but  sulphureted  muriatic  acid  was  formed.  , 
J  When  this  gas  is  passed  over  well  burnt  charcoal  tJoIcw  w»- 
lieated  to  redness,  a  little  muriatic  acid  gas  comes  over  cU. 
Mi  first,  but  after  a  certain  time  the  oxymuriaiic  acid 
gas  passes  through  the  red-hot  charcoal  without  any 
change  whatever.  Hence  it  is  obvious,  that  the  de- 
coropositioD,  at  first,  is  owing  to  the  formation  of  water 
bj  tbe  uuion  of  the  hydrogen  of  the  charcoal  with  the 
oxygen  of  the  gas.  Accordingly,  the  rmirlatic  acid  gas 
obtained  contains  its  usual  quantity  of  water.  Hence 
it  appears,  that  the  action  of  oxy muriatic  acid  gas  is  the 
most  powerful  instrument  known  for  depriving  char* 
coal  of  the  whole  of  the  hydrogen  which  it  contains. 

Thenard  and  Gay  Lussac  have  shown,  that  hydro- 
gen gas,  olefiantgas,  and  other  similar  gases,  decompose 
oxjmuriatic  acid  gas  simply  in  consequence  of  the  hy« 
drogen  which  tliey  contain,  and  which  forms  water  by 
^uniting  with  the  oxygen  of  that  acid  gas.  They  have 
phovfn  that  gases  which  contain  no  hydrogen,  as  nitrous 
gas,  produce  no  change  upon  oxymuriatic  acid  gas,  un- 
less water  be  present*  As  carbonic  oxide  is  not  de- 
composed by  it,  this  is  additional  proof  that  hydfo- 
'gen  is  not  one  of  the  constituents  of  that  gas.  Thus 
it  appears  that  oxymuriatic  ac!d  is  one  of  the  most  in* 
timate  combinations  known,  and  that  the  presence  of 
wateri  or  the  formation  of  it,  is  almost  always  necessary 
for  its  decomposition. 


J^*         4*  Ai  all  attempts  to  procftir  mnriatic  tcid  gitfrtc 
t      ^      '   from  water  had  failed,  Mr  Dmvj  mttecnpted  to  depiii« 
d^^^poM^  the  phosphurettd  muriatic  acid^  formed  by  disdiliis|f 
ntimtic       mixture  of  phosphorus  and  corrosive  lubliaaate,  of  ist 
phoiphonif*    This  he  in  some  measore  eJTected  bj£v 
tilling  it  repeatedly  from  potassium^   which  cotnfad 
with  the  phosphorus^  Ten  or  twelve  dropa  of  the  S^aar, 
that  had  been  thus  treated^  were  in^odiiced  ialoa  aai 
plate  glass  retort  contaioing  six  grains  of  potims. 
The  retort  was  e^austed   after   havtog  been  twice 
filled  with  hjdrogeo  gas.    The  liquid  was  madetpho^ 
and  the  retort  kept  warm  till  the  whole  had  diaappeaRi 
as  elastic  vapour.     The  potassium  wms  tben  btated If 
a  spirit  lamp.      It  scarcely  had   melted  wbeo  it  bom 
tfito  a  most  splendid   combastion^  and  the  retort  vu 
destroyed.    After  many  failures  Mr  I3avy  wiieaalU 
at  last  to  obtain  the  results.     No  elastic  fluid  appani 
to  be  evolved ;  a  solid  mass  remained  of  a  gwaoA 
colour  at  the  surface,  but  dark  grey  vrithin  ;  it  wufu 
Ifemely  itiflammable»  and  often    burnt  ipooHtKomlj 
when  exposed  to  the  atr ;  wfaeti  thrown   upon  wiier  k 
produced  a  violent  explosion,  with  a  amell  like  thitcf 
phospbureted  hydrogen.     In  the  residue  of  its  comboi. 
tion  ivere  found  muriate  of  potash,  and   phosphite  of 
potash.    This  splendid  combustion  of  potassium  m  tk 
elastic  Quid  produced  from  phospbureted  muriatieadi^ 
is  extremely  singular,  and  cannot  well  be  accounted  far 
without  supposing  that  the  muriatic   acid  contributes 
'to  produce  the  efcct*     Were  that  admitted^  it  wooU 
follow  that  the  muriatic  acid  had  been  decomposed  hf 
the  process,  and  its  oxygen  absorbed  by  ihe  potassiimi* 
But  more  satisfactory  experiments  will  be  requt^te  be- 
fore so  very  important  a  consecjuence  can  be  admitlii^ 
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-    5*  From  the  expenments  above  detsdled^  there  is    CKap.1V. 
reason  to  consider  the  muriatic  as  the  most  powerful  ' 

of  all  the  acids.  It  seems  impossible  to  separate  it 
from  any  of  the  bases,  by  other  acids  unless  water  be 
resent. 


Chap.  IV.    Or  Metals.— Vol.  L  p.  131. 

Several  additions  have  been  made  to  the  chemical 
history  of  the  metals  since  this  Chapter  was  printed. 
Of  these  additions  I  shall  now  give  a  detail. 

I.     Iron. 

I  HAVE  committed  a  mistake  in  stating  the  qna&tity 
43f  oxygen  in  the  oxides  of  this  metal,  which  has  lately 
been  pointed  out  by  Mr  Hassenfratr  *•  The  mistake 
was  owing  to  the  ambiguous  method  of  expression 
used  by  Proust,  the  chemist  on  whose  experiments  I 
deduced  the  composition  of  these  oxides^  In  consequence 
of  Mr  Hassenfrati^s  paper  I  have  been  induced  to  make 
a  set  of  experiments  on  the  subject,  with  as  much  care  q  -^^  * 
as  possible  to  obtain  exact  results.  The  black  oxide  iron, 
of  iron  I  found  composed  of  100  parts  of  iron,  and 
21*5  of  oxygen,  or     73*5  iron 

21*5  oxygen 


lOO'O 
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p^<^     Tbenid  oiide  I  found  composed  of  l<»0  hm  mi^ 
^      I      r  oacjfen»  of  ocu'ly  of  69  iron 

SI  oxjrgea 

100 

These  result!  do  not  differ  much  from  the  propcutNi 
obtained  bj  olbers*  Thcj  destroy  the  tPfitkm 
which  I  huve  draiwD,  retpeetlog  an  oxide  of  hm  m^ 
taining  less  osjgen  than  the  black  oxide*  WfaitliHl 
for  a  new  oxide  was  in  all  probabtliiy^  the  bbekoik 
indf.  Tbey  render  it  neoeaaary  to  alter  the  m^i 
an  atom  of  iron^  as  deduced  in  llie  Ihtrd  voiimie,  f,  jn^ 
from  the  mistikken  ratio  between  the  oxjrgeo  uiand 
contained  in  the  oxides.  We  may  conccirc  thiitot 
arc  three  oxides  of  iron  ;  the  protoxide,  stilt  trnkoon, 
composed  of  J  00  metal  and  15  oxrgeo  ;  the  doitAsli^ 
pr  black  oxide,  composed  of  100  metal^  -|-2Xl5«7|si[ 
and  the  peroxide,  or  red  oxide»  composed  of  lOOa 
4*3X15  oxjgen*  If  the  first  oxide  be  supposed  s  «m- 
poond  of  an  atom  of  metal^  and  an  atom  of  (»xjp% 
at  ta  obvious  thai  an  atom  of  iron  will  weigh  40^  of 
posing  an  atom  of  oxjrgen  to  weigh  6. 

I  have  examined  Tbenard's  wl^iu  oxide  afkm^ 
great  care,  btit  have  always  found  abondanoe  of  d 
phnric  acid*  When  this  acid  is  separated,  the  ala 
colour  always  disappearS|  and  it  becomes  greca^  lU 
and  at  last  red. 


Lcad^ 


DcscoTtLs  has  published  some  experiments  nf 
the  action  of  the  different  gases  on   sulphnret  of 
which  deserve  atteDtion,  because   they  point  out 
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'%miites  of  loss  ia  the  common  methods  of  extracting 
lead  from  its  ores* 

When  sulphuret  of  lead  is  exposed  to  a  strong  heat 

in  a  porcelain  crucitflej  some  sulphur  is  separated*   a 

ooostderable  portion  of  the  sulphuret  is  sublimed,  aTid 

Wiereremains  asubsulphnret of  lead^ which  possesses  duc< 

ttUtj.  When  sulphurous  acid  gas  and  carbonic  acid  ga& 

^c  passed  through  red-hot  sulphuret,  no  change  is  pro* 

Muced,  excepting  that  a  portion  of  the  sulphufet  is  subli* 

%lied,  being  carried  off  by  the  mechanical  action  of  the 

tgmses*      When  steam  is  passed  throtigh  sulphuret  ot 

^ad,  the  sulphuret  is  sublimed  in  considerable  quan- 

|tlljr*     The  residuei  besides  sulphuret  of  lead,  contains 

■Mdphate  and  lead  in  the  metallic  state.     During  the 

l^bcess  hydrogen  gas  and   sulphurous  acid  gas  are  dis- 

nngaged.     When  hydrogen  gas  is  passed  through  red* 

Mot  sulphuret  of  lead,  some  of  the  sulphuret  is  volatili. 

(Kedy  but  the  greatest  part  is  reduced  to  the  state  of  me- 

INdlic  lead,  and  the  hydrogen  passes  in  the  slate  of  sul- 

phureted  hydrogen.      When  air  is  passed  slowly  oTer 

red.hot  sulphuret  of  lead,  almost  the  whole  is  convened 

Itnto  sulphate  ;  but  if  it  be  passed  rapidly,  a  white  fume 

issues,  having  the  smell  of  sulphurous  acid,  and  depo* 

Biting  a  fine  white  powder,   which  consists  of  sulphate 

of  lead.     Hence  the  great  loss  which  is  sustained  when 

galena  is  created  in  the  open   air,  as  is  the  ca.se  in  all 

the   operations  usually  practised  in  the  reduction  of 

Ibad  ores*      Descotils  recommends   iron  as  the  best 

method  of  separating   sulphur    from   galena.       Thb 

mietal  is  unfortunately  too  expensive  for  the  purpose, 

hut  he  recommends  a  trial  of  the  rich  ores  of  iron^  pre- 

yiL  P\  3  D 
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_    Bo^li  t.      vioQ Jy  reduced  to  the  meuUic  sUic  bjr  beniiif  An 
to  redness  with  charcoal  ^* 


IIK     NtckeL 

Some  observationt  oo  nickel  have  been  {mUkl^ 
by  Professor  Tourte  of  Berlioj  made  duriag  the 
struction  of  ft  magoetic  needle  of  nickel.  Iiadobif 
a  fine  polish^  and  does  not  soon  lose  its  lustre  wbac^ 
posed  to  the  air.  Its  colour,  wbco  polished,  is  im 
diate  between  that  of  platinum  und  steel*  Wbea  heurf 
to  redtiess  h  becomes  greenish  gre^-  When  m  lea|^ 
rature  is  slowlj  raised,  it  undcrgoea  m  suite  ^fdiiip 
of  colour  similar  to  polished  steel.  It  beoooia  I9 
light  yellow,  then  deep  yellow^  light  violet  blse,  jii| 
violet  bluCt  and  last  of  all  grejrish  blue*  Thecal 
have  not  the  same  intensity  as  those  of  steel.  Ts^ 
found  the  specific  gravity  of  pure  nickel,  at  the  la 
rature  of  55^^  to  be  8*402;  but  hy  strong  haiiiiDn|g 
was  reduced  to  8*032.  He  Affirms  that  nickd  rai 
bums  like  iron  wire  in  oxygen  gas  i  bui  wheo  Cc))ia 
repeated  the  experiment  it  did  not  sacceed*  NkU 
may  be  drawn  out  into  fine  wire,  but  it  tsdiiKcihi 
solder  it,  probably  because  its  surfiacc  is  apt  to  o&iift 
It  yields  to  the  file,  but  soon  destroy^s  the  file,  h  ill 
better  conductor  of  heat  than  zinc  or  iron.  Tberit 
tion  of  a  little  arsenic  docs  not  destroy  its  magoptkpNi 
perties.  It  is  very  easily  converted  iato  a  magoi^  ■( 
latftins    its   magnetic  virtue.      The    ioGlinataoii  d$ 
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iltgiietie  needle  of  nickel  Is  the  tame  ^  lliat  of  one  of    Chap,  nr. 
steel  ^  '"^'^ 

IV,    Vcstium* 

It  h%%  been  announced  on  the  eontinent  that  a  Ger« 
«aan  chemist  has  discovered,  in  crude  platina^  a  new 
.toietal,  to  which  the  name  of  vestium  has  been  given  +• 
jNo  particulars  respecting  this  discovery  have  jet  reach- 
«d  this  country-  We  do  not  even  know  whether  the 
^port  be  well  founded. 


V*     Supposed  New  Metal  in  Manganese* 

Dr  Johk  of  Berlin  announced  the  discovery  of  a 
»ew  vohtile  and  acidifiable  metal  in  the  grey  ore  of 
nangmnese  from  Saxony.  He  obtained  it  by  distilling 
the  ore  with  sulphuric  acid.  The  volatile  metallic  acid 
combines  with  a  weak  solution  of  potash  put  into  the 
tcceiver,  and  tinges  it  crimson.  The  infusion  of  galls 
wrows  down  a  chesnut  brown  precipitate  from  this 
Vquor.  The  prussiates  change  the  red  colour  to  t 
!ifie  lemon  yellow,  but  produce  no  precipitate*  When 
Ihe  liquor  is  heated  with  a  little  alcohol.  It  becomet 
green,  and  the  alkaline  carbonates  throw  down  from  it 
tt  brown  coloured  oxide  ;  but  they  do  not  precipitate 
tbe  liquid  till  it  has  been  thu$  altered  by  alcohol  %*  Ber* 
«Kus  informs  us  that  he  was  acquainted  with  this  sup* 
posed  new  metallic  substance  as  early  as  1800,  and 
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'  He  hiLS  shown  that  it  depends  upon  the  daftness  af  the 
metal^  which  makes  it  escape  from  pressure*.  He  found 
that  when  it  was  confined  in  such  a  manner  that  it  could 
aot  make  its  escape,  its  speci£c  gravity  increased  like 
Ibatf  of  other  ductile  metals.  A  piece  of  lead,  thus 
treated^  increased  in  specific  gravity  firom  1I'35S  to 
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VII.  Oxidizement  of  Metals. 

MoRVEAU  has  published  an  experimenti  showing 
*^liat  gold  may  be  oxidised  by  electricity,  in  an  impcr- 
Act  vacuum  of  an  air<.pump ;  but  that  when  the  va. 
%lium  is  complete,  no  oxidizement  takes  place«  This 
is  very  likely  \  and  it  destroys  the  supposed  anomaly 
of  ibe  oxidtzement  of  metals  in  vacuo  by  electricity  *. 
Gay  Lussac,  in  a  paper  published  in  the  second  vo. 
e  of  the  Memoires  iPArcutil^^  has  endeavoured  to 
-prove,  that  the  quantity  of  acid  which  combines  with 
■m  metallic  oxide,  is  always  proportional  to  the  quan- 
'tity  of  oxygen  which  it  contains.  The  protoxide  of 
k  mercury  consists  of  160  metal  united  to  5  oxygen^ 
I  iihe  peroxide  of  iOO  metal  united  to  10  oxygen  \  of 
\  coorse,  according  to  this  theory,  the  peroxide  requires 
twice  as  much  acid  to  saturate  it  as  the  protoxide. 
There  can  be  little  doubt  that  Gay  Lussac  was  led  to 
the  notion  of  this  law  from  the  atomic  thfory  of  Dalton, 
which  1  have  explained  at  great  length  under  the  ar- 
ticle affinity ^  in   the  third  volume  of  this  work.     Uo 
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hM  drtwn  fail  conclusioQs  frocn  the  well  known  pba^ 
loeom  which  take  pUce  when   erne  meUl  pitcipiii^ 
aiMifaer*     When  xinc  ii  used  to  pcedpiutckidfa^ 
tht  MSUtfii  the  acetate  of  zinc  formed  ta  joat  m^ 
ftral  aa  llie  acttat«  of  lead  waa.      SitpposA  lOD  fm 
of  lead  in  the  lalt.     The  oxygen  in  auch  a  quadqii 
lead  may  be  rated  at  8  graina*    But  lOO  grains  of  ^ 
ret^uire  23   of  oxygen    to  convert    them  into  all 
oxide.     Hcaoa  it  ia  obvious,  that  the  whole  azT|ci  j 
the  lead  will  only  oxtdtz.e  32  grasjia   of  zinc.    Bii  I 
the  acid  it  neuualixcd^  it  followa  thnt  39  grainaof  ib^  I 
corabinad  with  6  of  ozygeoy  are    cnpablc  of  nalrab  I 
inff  88  much  acetic  acid,  mm  lOO  graioa  of  lead  cao^  | 
ed  with  a  of  oxjgeo.     Varioua   other  ^EM&flo9| 
bnmght  hj  Mr  Gay  Luisac,  all   of  »  aiinilar  mmk  \ 
IS  this  law  bold  iuiiver$aUy»  na   is  extremdj  ik^ 
though  it  would  require  a  much  tnore  comiilelei 
tion  of  parttcoUra  to  prove  it  in  n  aatiaEactofjr  mat^  j 
{t  wtll  be  of  great  imponaiioe,  by  etabltng  m  toia» 
mine  the  compoaition  of  metalltc  snlta,  from  dieka 
ledge  of  the  quantity  of  oxygen  with  wbidiiB 
combinei,  and  the  exact  aoalyaia  of  n  lingle  aaltiai 
genus*    Ofi  knowing  the  compoattion  of  theffHil 
will  enable  us  to  determine  the   proportion  of  i 
with  which  the  different  meCmla  unite. 


Vin,  Metallic  Hydrognrets* 

It  ia  probable  that  hydrogen  gaa  is  cnpiabie  of  { 
solving  a  considerable  number  of  the  metalt* 
eal  hydrogen  gas  is  almost  the  only  one  of  theat  ^ 
nations  at  present  known^.     But   Mr  SaTT 
discovered  two  n^w  ones,  uUurttid  atnd  /elii 


Jlfdregittt  conMiingf  as  their  namf s  import,  of  hydro*    C!hap.  iv, 
fps,  holding  in  solution  tellurium  and  potassium^ 
!c  has  also  discovered  horurettd  bydr^gfn,  a  gas  coll- 
ating of  hydrogen  holding  boracium  in  solution.    All 
of  these  gases  contain  their  own  bulk  of  hydrogen  gas. 
'^rellurctcd  hydrogen  is  a  weak  acid,  similar  to  sulphu« 
leted  hydrogen. 

IX,  Metallic  Phosphurcts. 

Grotthus  has  shown,  that  a  solution  of  phosphorui 
I  alcohol  precipitates  gold,  silver,  mercury,  and  cop- 
'*pcr,  from  their  solutions  in  the  state  of  phosphurcts. 
^I€  two  parts  of  phosphorus,  and  one  part  of  potash  and 
'^  BOda,  be  heated  in  six  parts  of  alcohol^  a  liquid  is  form- 
^^t  which  precipitates  nitrate  of  lead  orange,  and  mu- 
^riate  of  antimony  brown.     These  precipitates  consist 
4»f  phosphureted  o^ide  of  lead,  and  phosphureted  oxide 
of  antimony.     During  the  heating  of  the  phosphorus 
and  alkali  in  the  alcohol,   a  gas  comes  over  which  is 
lammable,  and  which  is  a  compound  of  phosphorus, 
xbon,  and  hydrogen.       100  measures  of  it  require 
for  combustion  72  measures  of  oxygen  gas  ;  the  pro- 
ducts are  water,  phosphoric  acid,  and  carbonic  acid  ^* 


X,  Tantalum  and  Columbium* 


OMITTED  the  account  of  tantalum  (the  metal  dis- 
covered by  Ekcberg),  because  it  was  announced  by  Uic 
discoverer  of  it,  that  he  had  ascertained  it  to  be  a  com* 
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pODod  of  knowa  sisbsttncet.  This  b  prolwUf  bm  I 
rect*  Bat  Dr  WoUaston  h^s  lately  shawn,  hf  inj 
iogoitirai  let  of  eat(>ertmenU7  that  it  ii  iheimie! 
dlAmiktm^  the  roeUl  prcviouily  difcorerd  hj  |r  | 
Hateheti.  Colombit^  and  tantailitct  l2ie  o«ts  fai 
wUdi  the  respective  metah  were  obtained,  wen  ioait 
a}aipQ9ed  of  the  same  constituents^  a  white  ox^a^ 
and  maogaiicie.  The  white  oxide  from  both  ^mmi 
th€  same  propecties.  It  is  oearljr  insoluble  ia  lolpkv 
ric,  nitriCf  and  muriatic  acids  ;  but  is  casilj  diaslrd 
byoj^lic,  btrtaric,  and  cttric  acida^  provided  it  W icri 
upon  before  it  is  drj.  It  is  rendered  aoluble  iaasoi 
by  tusing  it  with  potash  vt  its  carbooate.  Sodios^ 
be  emplojedi  but  a  much  greater  quantity  of  it  tiie. 
ceaaaiy.  Neither  prussiatc  of  potash^  nor  hji^ 
phitrei  of  potash^  occasion  any  precipiute  in  soteai 
of  this  white  powder ;  but  it  is  thrown  down  cn^p 
by  the  infusions  of  galls^  pcoTided  there  be  ao  ami 
eitbet  of  acid  or  alkali  pceseiit^. 
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BsRTNCkLLeTy  Ptctet^  and  Biot^  have  latdy  i 

set  of  experimenUi  to  ascqrtai^   the   quantity  ofl 
fvolved  when  dnclile  metals  are  suddenly  strock  iot*] 
cihljt   as  when  thej  are  stamped  in    thr  proccn  sf 
pitiing.     The  experiments  were  made  upon  i 
gpldy  silver^  and  copper^  of  the  aaxiie  aizc  and  i 


APFEHOtX* 

And  care  was  iakeo  that  all  the  parts  of  the  apparatus 
had  acquired  the  same  tempcratutt:  before  the  experi- 
meot^  began.  Copper  evolved  most  heat»  silver  wa$ 
next  in  order,  and  gold  evolved  tlie  least.  The  first 
hiow  evolved  the  most  hear^  and  it  diminished  gradu^ 
ally,  and  after  the  third  blow  was  hardly  percept  blc. 
The  heat  acquired  was  estimated  by  throwing  the  piece 
of  metal  struck  into  a  quantity  of  watcr^  and  ascertain-* 
ing  the  change  of  temperature  which  the  water  under* 
went*  The  following  tabic  txbibits  the  increase  of 
temperature,  experienced  by  two  pieces  of  copper  by 
three  successive  blows  i 

wBlow    ri-'t  Piece.,...;,...  ir4*» 
>     t2d  Piece  ....•...*»  20*80 

2d  Blow  ^^;|^'" -^-^o 

C2d  Piece ...•     S'^d 

sdBlow   ^VS'" '"'^ 

i2d  Piece ♦     1*46 

The  whole  quantity  of   heat  evolved  by  each  of 

these  pieces  of  copper  is  nearly  the  same  i  that  from 

the  first  piece  being  26*d4^,  and  that  from  the  secon4 

The  following  table  exhibits  the  heat  evolved  from 
|wo  pieces  of  silver  treated  in  the  same  way. 

1  t  Rl         S  ^^^  Piece  ...,.«•«»•«. t^    ll'19^ 
(^  2d  Piece  •..•*••«•«.«••«    T30 

2d  Blow    p^»P'«« 5-85 

2. 2d  Piece 2*14 

3d  Blow  s  1*; ^i-'^ ^■'« 

i2d  Piece.,.. 2*02 

Total  evolved  from  the  1st  piece     14**T4 
Ditto  from  the  2d  ««««« *«   11*46 
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jMt  It*        ^4Rie  change  in  spwific  gravi^  wfiicfc  4i^1 
umlerweiity  was  found  to  be  proporucad  tofc^j 
Iklis  evolved,  »s  appears  from  the  foUoiii9|ii||^^l 
diioed  from  their  expcrimenti.      The  ipcdSc  pi^  ] 
wtre  taken  at  the  temperature  of  4Q'5^* 

Spectfic  gravity  of  gold  »•••••#•  10^t)Sl 

Ditto  annealed  ••#•••  ••••••b«  U^sm 

Ditto  atruek  ••••••••••«•••••  19*f||i 

Speetfic  gravity  of  silver  • 20*4667 

Ditto  annealed 10*Hii 

Ditto  struck •••••••  1I>*IIM 

Specific  gravity  of  copper  ••*•••     &*t|iO 

Dttio  struck  «..*«%«««^« s^lM 

Ditto  struck  a  second  tttne  .  •  •  •  t*^! 
From  these  experiments  it  is  obvioiu^  ikMiika 
evolved  when  metds  are  struck  is  owtog  tadtei^ 
densation,  and  proporrional  to  the  condensaiaoB*  Hm% 
when  they  can  no  longer  be  condenaedy  tbcj  naa 
evolve  heat*  These  phtlosopfaera  observe^  imm 
their  experiments,  that  heat  or  cold  is  propagtteia^ 
more  rapidly^  from  one  piece  of  metal  la  ntdkr 
when  they  are  struck,  than  when  tbey  are  wmk 
placed  in  contact*. 

Booit  II — DivisioR  I— CMAr.  I*  AmioytA* 
Vol.  IL  p.  5. 

A  GREAT  many  experiments  have  been  latcJj  mak 
on  ammonia,  some  of  them  of  a  very  extraortiinjzy 
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>  and  still  very  o  bsciur ;  bat  they  arc  higtily  deser-     Cbm^  I. 


»f  atientioOf  as  ihcy  promise,  when   followed  out 
farther,   to  throw  a  new  and  unexpected  light 
Kthe  const! tuents  of  bodies,  and  some  of  the  most 

licated  natural  phenomena, 

^No  less  than   four  new  analyses  of  ammoniacal        • 
lave  been  made,  in  consequence  of  the  experiments 
Pairy,  to  abow  that  oxygen   is  one  of  its  constito* 

I  The  first  by  Bcrthollet  junior,  the  second  by 
^ttssac,  the  third  by  Mr  Davy,  and  the  fourth  by 
?nry.  Mr  Davy  had  suspected  the  presence  of 
n  as  one  of  the  constituents  of  ammoniacal  gas^ 
ad  made  some  experiments  which  appeared  to 
bis  suspicions  probable.  These  experiments  I 
dated  under  the  article  ammonia.  The  object  of 
w  analysts  was  to  determine  how  far  this  opinion 
vy  was  correct. 
s  experiments  of  Mr  Berthollet  junior  were  made  Bmholkt'i 
rvery  possible  precaution  to  ensure  precision.  He 
I  detect  the  presence  of  no  oxygen  j  nor  was  there 
Botable  quantity  of  water  formed  when  great  quan» 
Eof  the  ammoniacal  gas  were  decomposed  by  a  red 
When  1  of  the  gas  is  decomposed  by  electricity, 
iulk  is  increased  to  2*04643.  This  expanded  gas 
pund  composed,  by  bulk,  of  155  parts  of  hydrogen, 
IZ45  of  azotic  gas,  equivalent  to  300  of  hydrogen^ 
107*35  of  azote.  Converting  these  measures  into 
ihts,  according  to  the  specific  gravity  of  the  different 
m  found  by  Biot  and  Arrago*,  Mr  Berthollet  has 

t  — _— 

JThqr  found  the  iprclSe  griirity  of  axotie  git  0^915  ;  thit  of  hf- 
k  0*07311 ;  that  of  ammoniacal  0*59669 ;  that  of  ait  bting  I -00a 


ktt     eosdodedf  from  hit  expetiments,  thai  amnifliib  cob* 
^  ^*    tiiAS  DO  ojcjgcti^  iiid  thmt  it  is  coioposedy  hj  wei|ht,  d 

81*13  azote 

IS'81  lijdrogen 


k 


100-00  • 


tie  result  of  the  expeTimciiti  of  Gay  Lusaac  (if 
his  resoU  i^  not  dfawn  rather  from  theory)  ii^  ihst  to* 
giODsa  is  eompoied  of  75  parts,  by  Imlk^  of  bjdro|iz, 
aTKl  £5  of  axote^  or  300  hjrdrogcn  and  100  iit«t. 
Hence,  from  the  specific  gravity  of  llie  gases,  u  asocE. 
taincd  by  Biot  and  Arrago,  he  dodaccs  ammmii  ii 
composed,  hy  weight,  of 

81*525  azote 

lS-415  h/drogeci 


100-000  t 


Dr  Henry  found  that  the  expantion  of  ammoniacal  pt 
hy  clcctrtcitr,  was  very  much  influenced  by  its  stsseof 
drjiiess  or  moisture*  When  the  gas  bad  been  dried bj 
means  of  poiaih,  when  the  mercury,  over  which  ittt^ood, 
bad  been  recently  boiled  in  the  tube,  aad  when  €vtej 
precaution  wss  taken  to  exclude  moi^ure,  Ihczi  100 
paru  of  the  gas  expanded  by  electricity  to  ISO.  Bst 
when  these  precsutians  were  not  takoo«  bo  found  tk 
bulk  of  the  gas  often  doubled  by  electricity*  This  dit 
fercnce  he  explains  in  a  satisfactory  manner.  If  uj 
moisture  adhere  to  the  mercury  or  ttsbe,  it  absorbs  i 
portion  of  the  ammoniacal  gas  }  this  poriioo  is  evoJred 
during  the  process,  so  that  the  real  quantity  of 
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tiiacal  gas  experimented  on  is  greater  than  appears.  No 
traces  of  the  preseoce  of  oxygen,  as  a  constituent  of 
ammonia^  could  be  perceived.  The  expanded  gas  he 
found  a  mixture  of  14  measures  of  hydrogen  gas  and 
26  of  azotic.  Now,  if  we  take  the  specific  gravity  of 
mzotic  gas  at  O'&lS,  of  hydrogen  gas  at  0*084,  and  of 
ammoniacal  gas  at  0*602  ;  and  suppose,  as  has  been  as- 
certaioed  by  the  experiments  of  Sir  George  Shuckburgb, 
that  at  the  temperature  of  00^,  aud  under  Ihe  pressure 
of  30  inches  of  mercury,  100  cubic  inches  of  common 
air  weigh  30*5  grains  ;  then  wc  have  100  cubic  inches 
of  ammonia  weighing  18*3C1  grains*  These  are  ex- 
panded by  elecUicity  into  133*2  cubic  inches  of  hydro- 
gen gas,  and  40*3  of  azotic  gas. 

Now  133*2  inches  of  hydrogen  weigh   3*413  gratut 
k.  46-8  azotic  ...,«„•••••  1S'900 


Weight  of  the  gas  evolved  .,   11*373 

Weight  of  the  ammonia  •••..•••  18-361 


o-ges 


Thus  it  appears  tliat  the  weight  of  the  ammonia  exceeds 
that  of  the  gases  nearly  one  grain,  or  about  -^^th  of  the 
whole.  This  error,  it  must  be  ackuowledged,  is  not 
great.  But  itis  sufficient  to  show  us  that  absolute  pre^^ 
cision  has  not  yet  been  attained  in  estimating  the  pro- 
portion of  the  constituents  of  ammonia.  The  most  pro- 
bable source  of  error  is  in  the  specific  gravity  of  the 
different  gases*  If  we  take  the  specific  gravities  of 
these  different  gases,  as  ascertained  by  Biot  and  ArragOj^ 
and  given  in  a  preceding  note,  the  difference  wilf 
amount  to  almost  1*4  grain.  According  to  this  analysis 
mi  Henry,  ammonia  is  composed,  by^  weigbti  of 
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Dr  Henry  hts  pointed  out  three  other  tnodes  of  uiitfi 
sing  ammonUcal  ga?,  alt  of  which  corroborate  the  pft- 
ceding  restiit- 

Thc  first  method  is  detonating  ai  mixture  of  tmrno^ 
niaoil  pL%  tnd  oxygeii  gas  by  the  electric  ipirk.  Tikii 
method  was  tried  by  BcrthoUet  jiinior,  bat  fee  wu  M 
saliified  with  the  results**  Dr  Henry  has  poiatedoof 
the  sources  of  error^  and  shown  how  to  rroid  them* 
The  mixture  burns  in  all  proportions  between  f  nxjfcu 
and  1  aitimonia,  and  3  ammonia  and  1  *  4  oxygen,  by  bulk. 
When  the  oxygea  exceeds  the  ammonia  (as  when  tt  it 
double  or  tipwards),  the  whole  ammoni«  dtsappea/Sy  mil 
a  quantity  of  nitrate  of  ammonia  is  deposited.  This  prt- 
vents  the  accuracy  of  the  experiments  by  witbdfavta| 
a  portion  of  the  arote.  When  the  ammonia  exceeds 
(when  it  is  double  the  oxygen,  for  example),  the  whok 
of  the  ammonia  is  decomposed  by  the  ex|iJosion  ;  pm 
of  Its  hydrogen  unites  with  the  oxygen,  the  rest  i 
mixed  with  the  azote,  and  may  be  detonated  by  a  t 
addition  of  oxygen.  By  this  method  the  whole  hydros 
gen  may  be  scpjirated,  and  its  quantity  determbed. 
The  residual  gas  (the  oxygen  being  absorbed)  gives  the 
azole.  It  appears  from  Dr  Henry*8  expertments,  tbn 
IOC  measures  of  dry  ammoniacaj  gas,  when  thus  treatcdy 
require,  for  complete  saturationi  qt5  measures  of  oxt- 
gea.     Hence  it  follows  that  the  hydrogen^  in  IQO  i 
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sores  of  amfnoDia,  ii  eouiv^aJent  to  1 35  measures,  wliicli      C1i»p.  L 
differs  a  little  from  the  quantity  deduced  by  the  satne 
philosopher  from  his  electrical  experiments* 

The  second  method  is  to  detouate  a  mixture  of  am-  NTeroiti 
moniacal  aod  nitrous  oxide  gases.  This  mixture  burns  *'  * 
in  any  proportion  between  I  ammonia  and  5  uitroiit 
oxide,  and  2  ammonia  and  1  nitrous  oxide.  When  the 
nitrous  oxide  greatly  exceeds,  there  is  no  diminutiou  of 
bulk  after  firing,  and  the  residue  consists  of  a  mixture 
of  nitrous  oxide,  oxygen,  and  azote*  When  the  am^ 
monia  is  redundant,  there  is  a  Utile  diminution  of  bulk 
after  firing,  and  the  residue  consists  of  a  mixture  of  hy- 
drogen and  azote,  with  occasionally  a  little  undecom* 
posed  ammonia*  IQO  measures  of  ammonia  require, 
for  saturation,  130  measures  of  nitrous  gas. 

The  third  method  is  to  detonate  a  mixture  of  ammo- 
nia and  nitrous  gas ;  for,  although  this  gas  cannot  be 
fired  with  hydrogen  or  the  heavy  inflammable  gases,  it 
may  with  ammonia.  100  measures  of  ammonia  re- 
quire about  120  measures  of  nitrous  gas  *• 

Mr  Davy's  late  experiments  coincide  exactly  with   Compoicd 
those  of  Dr  Henry,  and  give  as  a  result,  that  ammonia  Lid  aio^ 
is  composed  of  14  measures,  by  bulk,  of  hydrogen  gas, 
and  26  of  azotic  gas.     It  is  not  necessary  therefore  to 
•uter  into  details. 

By  the  experiments  just  related,  it  seems  fully  esta- 
blished that  ammonia  is  composed  simply  of  hydrogen 
and  azote,  and  that  oxygen  does  not  enter  as  a  coosti* 
tiient.  On  the  other  hand,  it  seems  to  follow,  from  the 
curious  amalgam  obtained  from  ammonia  by  the  gal* 
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rumc  energy,  as  related  under  the  ordcle  ammmhif  tbil 
oxygen  is  realljr  a  constitaent  of  stmtnomzi  Tbit  kadi 
to  the  conclusioo,  that  eitbtT  bjdragen  or  atole  ii  i 
cwnpound, and  that  oxygen  hone  of  its  coostittieott. 

The  experiments  of  ficnhoUet  juaiorp  res|>ectiog  the 
expansion  of  ammoniacal  gas  by  elecuictty,  do  &ot 
agree  with  those  of  Davy  and  Henry*  From  the  gnn 
precautionf  iskcn  by  the  British  chemiats,  wehaveita* 
son  to  confide  in  the  results  which  ttiey  obtained.  Ai 
to  the  proportional  measures  of  the  two  gaaes  olnaiadi 
all  the  experimenters  very  nearly  agree^  aa  will  appri: 
lh)m  the  following  Table ; 

Hfdrogffu  Aaoi& 

fierthoUet  •* 75*5  •..»•.*.  24*^ 

Davy.,.. ..*...   74'0  ...••••«•  24S'0 

Henry    *..*•«**•»«•«»••  7S'75«»«««««««^  24*B§ 


Mean     74*43 


25-55 


This  dilFers  but  little  from  the  proportions  of  G^ 
Lussac^  namely  75  measures  of  hydrogea  and  ^o( 
aiote  ;  numbers  which^on  account  of  their  propoitiflH 
to  each  other,  arc  exceedingly  convenient.  If  we  ndl 
accurately  acquainted  with  the  specific  gravity  of  hy« 
drogen  and  aaiote,  it  would  be  easy  to  determtiie  the 
exact  composition  of  ammonia  with  almost  peilect  ac- 
curacy. 

2*  When  potassium  ia  beated  in  coolact  with  dij 
ammoutacal  gas,  it  is  changed  into  an  oUvc  polcamd 
matter ;  a  great  quantity  of  the  Rjumoniacal  gaa  is  ib* 
sorbcd,  and  a  quantity  of  hydrogen  gas  ia  evolved.  Ac* 
cording  to  Messrs  Gay  Lussac  and  Thenard,  the  hydro* 
gen  gas  evolved  amounts  to  about  ^ds  of  the  balk  el 
the  ammouiacal  gas  iib>od>ed.    Wbea  the  olive 
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absorbed     ^^P-  '• 


Blatter  it  heated,  about  iths  of  the  ammo 
is  obtained;  fths  to  the  state  of  ammonia,  and  ^th  ia 
the  elements  of  that  compound.  If  a  few  drops  of  water 
be  brought  in  contact  with  the  olive  coloured  matter 
^btm  heated^  the  other  -^tbs  of  the  ammonia  absorbed 
are  disetigaged^  while  at  the  same  time  the  potassium  is 
changed  into  potash.  Thus>  according  to  these  che* 
mists,  the  ivhole  of  the  ammonia  absorbed  maj  be  re* 
covered.  By  the  process  the  potassium  is  converted 
into  potash  and  hydrogen.  Hence  they  have  concluded 
that  potasuum  is  not  a  simple  substance,  and  the  base 
of  potash,  but  in  reality  a  compound  of  potash  and  by* 
drogen  *♦ 

The  experiments  of  Mr  Davy  on  this  subject,  made 
with  every  precaution, and  multiplied  and  varied  in  every 
possible  way,  do  not  agree  with  those  of  the  French 
chemists,  and  destroy  the  consequences  which  they  have 
drawn  respecting  the  composition  of  potassium ;  but 
they  lead  to  others,  if  possible,  still  more  extraordinary. 

When  ammonia  is  brought  into  contact  with  about  Hydro^;^ 
twice  its  weight  of  potassium,  at  the  temperature  of  ^^***  • 
the  atmosphere,  the  metal  loses  its  lustre  and  becomes 
white ;  there  is  a  slight  diminution  in  the  volume  of 
the  gas,  but  no  other  effects  are  produced*  The  white 
crust  formed  is  potash,  and  the  ammonia  is  found  mixed 
with  a  quantity  of  hydrogen,  about  equal  to  the  bulk 
of  the  metal.  On  heating  the  potassium  the  colour  of 
the  crust  changes  from  white  to  bright  azure,  and 
passes  through  shades  of  blue  and  green  to  dark  oUvc. 
There  is  a  considerable  effervescence  j  the  metal  be- 
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comes  poroti»t  a^d  apiKars  crjrstmlliredf  anil  it  Imb 
whally  coQvertcd  into  an  olire  coloured  mailer.  A^ 
moniacal  gas  is  absorbed,  and  bydrogeo  gas  enolvci 
The  proportion  of  ammonia  absorbed  varies  acconbg 
to  its  state  of  drytietts^  the  absorptioQ  being  ilic|feDB 
the  drier  the  gas  is.  Thus  S  grains  of  polaisiai^  vka 
heated  in  contact  with  ammonia  saturated  with  nis- 
tiire,  absorbed  12|  cubic  inches  of  ammoma;  Iwtiiki 
the  asnmonia  was  as  dry  as  possible,  to  aibic  locks 
i^ere  absorbed.  The  hydrogen  gas  evolved  iiftak 
upon  the  quantity  of  poUssium.  It  is  alfriji  t  my 
little  less  than  ihe  quantity  of  bydrogeo,  urUdt  tb 
the  same  quantity  of  potassium  would  genente  wha 
brought  in  contact  with  water.  Xhtxa  8  gr^u  oC  pou 
asslum^  by  their  action  on  water,  produc)ed  §^  cslic 
inches  of  hydrogen  gaSp  while,  by  their  action  ooia. 
raonia,  8|  cubic  inches  were  evolved* 

The  olive  coloured  matter^  into  which  the  pottsiuia 
is  converted,  possesses  the  following  properties:  hii 
crystdUiaLcd,  and  presents  irregular  facets^  wUdl  m 
very  darki  and  in  colour  sod  lustre  not  uoltke  piolii* 
ide  of  iron«  It  U  opaque  in  large  maoes,  but  ink 
transparent  in  thin  dtm%|  and  appemrs  brown  bytru^ 
mitted  light*  It  melts  at  a  little  above  the  teatpoK 
lure  of  212^  t  and  if  the  heat  be  increased,  gives  m 
bubbles  of  gas*  It  is  considerably  beavier  tbao  vaiB* 
It  is  a  nonconductor  of  electricity.  Wbao  mdied  k 
oxygen  gas  it  burns  with  great  brilliancy  j  oaygea  ii 
absorbed,  atote  emitted^  and  potash  formed.  VfkOk 
brought  in  coittact  with  water  it  produces 
often  inflammation,  and  evolves  amctionia.  Wheo 
gcd  into  water  it  disappears  with  effervescence,  andbjJ 
drogen  gas  is  evolved.      It  rapidly  eflervesces  and  ddi* 
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ces  in  air,  but  mty  be  preserved  under  naphth^p  in    ^  Chip, 
wbichf  however,  it  gradually^softens,  and  seems  partially 
to  dissolve. 

Potassium,  when  converted  into  this  olive  coloured 
matter,  increases  in  weight  j  and  it,  together  %vith  the 
hydrogen  evolved,  Is  equal  to  the  weight  of  the  whole 
potassinm  employed,  and  of  the  ammonia  absorbed^ 

When  the  olive  coloured  substance  is  gradually  heaced   Action  of 
it  melts,  effervesces,  and  gives  off  a  considerable  quan*  he*t«nit.j 
tity  of  clastic  fluid,  and  at  last,  in  a  red  heat,  is  converted 
into  a  dull  grey  solid>  which  undergoes  no  farther  altera* 

*  tion  at  that  temperature.     The  olive  coloured  matter 

f  Irom  n  grains  of  potassium,  by  this  processi  gave  out 

^  13*75  cubic  inches  of  gas.     These  consisted  of 

'  1*00  ammonia 

'*  9*11  hydrogen  gas 

I    ■'"""■" 

We  may  observe  here,  that  more  than  one  half  of  the 
sminonia  has  disappeared  in  this  experiment.  The 
quantity  absorbed  (deducting  the  cubic  inch  evolved) 
may  be  stated  at  15  cubic  inches,  which  weigh  2'154 
grains*  But  the  whole  weight  of  the  hydrogen  and 
ftzotic  gas  evolved  does  not  exceed  1'321  grain. 

The  quantity  of  ammonia  evolvtd  from  the  olive 
colourtd  substance  depends  upon  the  application  of 
moisture  j  and  it  appears  likely,  from  Mr  Davy*»  ex- 
periments, that  if  moisture  were  applied  only  in  the  re* 
quisite  proportioo,  the  ammonia  evolved  would  be  just 
equal  to  what  had  been  absorbed  in  the  iirst  part  of  the 
process*  In  one  experiment,  in  which  i3  cubic  inches 
of  ammonia  had  been  absorbed,  by  heating  the  olive 
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BonI;  U.     coloured  substance,  in  contact  with  potaali  coQUxttf 

'_  ^      .-'  its  water  of  crysUlUraiioai  nearly^  11*75  oibic  tacka 

of  ammonia  were  evolved.     It  appears  prob^bk^  E|^ 

wue^  that  when  no  mouture   whatever  is  pf?K]it|  m 

ammonia  it  given  out. 

The  substance  that  remains^  after  the  olive 
mnttcf  has  thus  been  exposed  to  a  red  haai^ 
the  following  properties.  Its  colour  it  Uack,  lidii 
lustre  not  much  inferior  to  that  of  plumbago.  I;i 
opaque^  very  brittle,  and  gives  a  deep  grejr  peide» 
It  is  a  conductor  of  electricity.  It  doea  ool  ntbttt 
low  red  heat,  but  bbckens  gtasa  at  thai  teiii|ietaoi^ 
and  a  i^rcyish  sublimate  rim  from  il,  wbicb  likevit 
blackens  glass.  When  esrposcd  to  the  air,  it  Imbi 
spontaneously  with  a  deep  red  light.  With  wskra 
eOervesces,  evolving  ammoDia^  and  leaving  nothiiT|  kg 
potash.  A  little  hydrogen  ta  alio  evolved,  ItAo 
not  act  on  mercury^  but  combines  with  sidphar  td 
phosphorus  by  heat ;  the  compounds  are  hif Uy  tola* 
mablc,  and  cmit.ammooiay  and  phoaphsnaisd  miiA 
phureicd  hydrogen  gas,  respectively^  bjr  the  icti^a  sf 
water. 

A  dfficjen*  Thh  residuary  matter  ought  to  be  a  eompcs&d  d 
cyofaxt>tc-  potassium,  azotc,  and  a  little  oxjrgeo.  For  mtaial 
the  hydrogen  in  the  :tmmouta  haa  been  evolred  i  B 
cubic  inches  of  ammonia  would  have  evolved  shoit 
SO  cubic  inches  of  hydrogen,  and  there  were  obtaiac^ 
above  17  inches.  But  little  more  than  half  the  taxm 
has  been  evolved  ;»  15  cubic  inclie^  of  amniQitia  m^ 
to  give  out  nearly  7  inches  of  aaLotic  gaa^  whoaatctfl/ 
3*64  were  obtained.  When  the  residue  was  botalM 
oxygen  gas,  potash  was  foroiedt  and  aaotic  gasgtifea 
out  i  but  the  quantity  was  much  aisiaUer  Ihaa  iiogg^ 
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%»  be<  When  the  residue  was  violendj  heated  in  a 
tube  of  platiDum  or  iroD|  one  pordoa  of  it  was  convert- 
md  into  potash^  another  portion  became  pure  potassium^ 
and  an  elastic  fluid  was  given  out,  consisting  chiefly 
of  hjdrogen  mixed  with  a  little  arote.  Thus  it  ap- 
pears, that,  by  these  processes,  a  greater  quantity  of 
hydrogen^  and  a  smaller  quantity  of  azote  was  obtained^ 
than  ammonia  yields  when  decomposed  by  electricity  | 
while  a  portion  of  the  potassium  was  converted  into 
fiotaafa^  and  of  course  had  combined  with  oxygen. 
The  obvious  inference  from  these  experiments  is^  that 
m  portion  of  the  azote  had  been  decomposed^  and  that 
its  constituents  are  hydrogen  and  oxygen  j  the  first  se- 
fiaratcd  in  tlie  form  of  gas,  the  last  united  witli  the 
^tassium*  But  the  subject  requires  a  much  more  com- 
•  plete  investigation,  before  consequences  of  so  much 
F  importance  can  be  deduced*  Mr  Davy  is  at  present 
r  engaged  in  the  investigation  ;  and  it  is  to  be  hoped^ 
II  that  his  experiments  will  elucidate  this  most  important^ 
i    but  very  obscure  department  of  chemistry. 


cfup.  ri. 
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Frou  the  experiments  of  Mr  D^Arcet,  it  appears, 
that  potash  or  soda,  prepared  by  means  of  alcohol,  and 
exposed  for  some  time  to  a  red  hcat^  still  retain  about  27 
fier  ceMtm  of  water,  which  can  only  be  separated  by 
combining  the  alkali  with  an  acid  '•  This  corresponds 
ncailj  with  the  estimate  of  Curauday,  who  found  that 
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pottshi  prepared  by  metfis  of  alcohalt  Hill  reUstrf 
2T*3  ptr  cent,  cf  wtter  *#  BerthoUei  Had  eontiiai 
himself,  that  at  least  13  /^rr  etni*  of  water  adkMn 
Ihe  alkalip  and  could  not  be  separated  by  heatf* 

Curaudau  hit  pointed  out  a  tiew  fnethod  of  prorar* 
ing  potanium  and  sodium.  It  conatsta  in  jmijaif  t^ 
alkaline  subcarbonales  with  charcoal  and  a  Iinka^ 
and  graduallj  ra!!iing  them  to  a  white  tieai  ro  irontriki 
or  earthen*  ware  retorts.  The  metallic  sobilaiicti  m 
generated  nnd  volatilized.  B7  exposing  cold  imnfc 
to  the  fumes,  they  condense^  and  may  be  sepirttiidkf 
plunging  the  rod  into  naphtha  or  oil  of  tofpoittie* 
This  method  is  of  importance^  by  proving  fhatdbfcoil 
is  capable  of  decomposing  the  alkaliet  |  but  fbefno^ 
ly  of  metal  that  can  be  collected  by  ihb  proommm 
be  fimaH  t* 

Several  additions  have  been  made  to  our  koowlc<^ 
of  the  properties  of  potassium  and  sodium^  bjtben* 
peri  men  ts  of  Gay  Lu&sac  and  Thenard  ;  ihetr  rcaJh 
do  not  always  agree  with  those  of  Mr  Davy,  tboois 
in  general  they  do.  Their  potassium  was  obtibedk 
decomposing  potash,  by  means  of  iron  lumingi,  in  tbe 
experiment  with  the  gun-barrel.  It  was  heavier tho 
Mr  Davy\  being  of  the  speciiic  gravity  0*S74ie«ii| 
probably  to  its  containing  some  iron  ;  but,  in  otbent« 
spects,  its  properties  corresponded.  It  appean,  ftoa 
Mr  Davy's  ezperimcntSy  that  a  grain  of  potiasiuinywiia 
brought  in  contact  with  watcr^gives  oot  1tV,!=1'(M2^ 
cubic  inches  of  hydrogen  gas,  at  the   temperataiv  4 
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''i  and  under  a  pressure  of  30  indfies  of  mercury.     Ch^p.  H.^ 

y  the  cxjjcrimcnts  of  Thcnard  und  Gay  Lussac,  tbc 

ijdrogen  given  out  by  l  grain  of  potassium,  acting  on 

ater,  under  the  same  pressure  and  at  the  same  tero- 
peraturCf  aioounts  to  1*1591  cubic  inch  *• 

According  to  the  French  chemists,  potassium  absorbs  Pocatturet- 
%  great  quantity  of  hydrogen  gas,  and  assumes  a  grey-  *  /  ^ 
ish  white  colour.  Abundance  of  hydrogen  may  be 
expelled  by  the  action  of  heat.  Mr  Davy's  account  is 
different*  He  found  that  hydrogen  has  the  property  of 
dissolving  a  considerable  quantity  of  potassium,  and  of 
forming  a  gas,  to  which  he  gives  the  name  of  potassu-* 
xcted  hydrogen,  h  takes  fire  when  it  comes  in  contact 
with  the  air, 

Thenard  and  Gay  Lussac  tried  the  effect  of  potas* 
Slum  upon  various  metallic  oxides  and  salts  in  a  dry 
state.  Their  method  was  to  put  a  piece  of  potassium^ 
of  the  size  of  a  pea,  into  a  glass  tube,  and  to  cover  it 
iivith  about  ten  time%  the  bulk  of  the  substance  to  be 
tried.  The  tube  was  then  exposed  to  a  heat  sufficient 
to  melt  the  potassium*  All  the  substances  tried  were 
decomposed,  and  in  many  cases  combustion  took  place. 
The  following  it  a  summary  of  their  experiments. 

1.  Sulphate  of  barytes.     Decora  posed,  but   without 
inBammation. 

2*  Sulphate  of  barytes.     Brilliant  inflammation. 

3,  Sulphate  of  lime.     Slight  infiammation. 

4*  Sulphate  of  lead.     Brilliant  inflammation, 

5*  Sulphate  of  mercury*     Inflammation. 
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32.  Grey  oxide  of  nickel.     Brilliant  inflammation.        |  Ch*|M'* 


93*  Green  oxide  of  chromiam.    No  inflamtnaiion.    A 
blick  substance  produced,  which  takes   fire   in 
the  open  air. 
d4<  Sulphuric,  nitric,  and  liquid  asuriatic  acids,    Splen- 
did inflamtDAtion  ^. 
Messrs  Thenard  and  Gay  Lussac  have  endeavoured   Mature  of 
to  prove,  that  potassium  and  sodium  are  not  the  bases  pnta»«um. 
of  the  fixed  alkalies,  but  compounds  of  the  fixed  al- 
kalies and  hydrogen.     This  hypothesis  has  beon  very 
generally  embraced  both  in  France  and  Germany*     It 
is  not,  however,  consistent  with  the  phenomena,  and 
has  been  victoriously  refuted  by  Mr  Davy.   The  most 
plausible  argument  urged  in  defence  of  it  is,  the  low 
specific  gravity  of  potassium  and  sodium,  considerably 
inferior  to  that  of  potash  of  soda*     Mt>w,  no  instance 
is  known  of  a  metallic  oxide  specifically  heavier  than 
the  metal  which  constitutes  its  base.     This  objection  is 
only  apparent.      What  we  call    potash  and  soda,  at 
present,  are  only  the  hydrates  of  these  bodies.     We 
are  entirely  ignorant  of    the   specific  gravity  of   the 
pure  alkalies.    Their  union  with  water  is  intimate  ;  of 
course^  the  condensation  of  the  water  is  great*     For 
any  thing  we  know  to  the  contrary,  the  hydrates  may 
be  much  heavier  than  the  pure  alkalies* 
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A  VAMF.TY  of  ioteresting  additions  ti>  tbe  hiitofjrfj 
the  acids  have  been  made*  Of  iticac  I  oow  pcoctsiij 
give  an  account* 


I.  Fluoric  Acid* 

All  attempti  to  procure  fluoric  acid  in  a  itHie  i 
eooapletc  puritj  have  failed.     In  ji$  usnml  sutCi 
abliuiied  by  means  of  fluate  of   lime  and  tolp^nrie] 
acid  in  glais  vessels,  it  holds,  as  is  well  knoufSi 
in  solution* 

Thcnard  and  Gay  Lussac  endeavoured  to 
pure^  by  calcining  in  an  iron  tube  a  mixlQre  of  iuA 
of  lime  and  vitreous  boracic  acid.  An  acid  gas  tipa. 
cured  in  aburid;incc*  When  mixed  vrith  air  or  loj 
Other  gas,  except  the  cxy  muriatic  acid^  il  produces  dote 
white  fumes,  unless  the  gases  have  been  previooi^ 
artificially  dried.  Water  absorbs  this  gas  in  gtm 
quantities^  and  when  saturated  with  it  is  limpid^  flook- 
ing,  and  very  caustic.  By  heat,  about  one  fifth  pin 
of  the  gas  is  expelled,  but  no  degree  of  heat  is  capabb 
Fhio4»orle|  of  driving  off  more.  The  liquid  then  assumes  the  ap^ 
pearance  of  sulphuric  acid  ;  it  is  equally  caustic,  docs 
not  boll  till  heated  considerably  above  the  boiling  pcini 
of  water,  and  when  distilled  over,  ooodjoues  like  that 
acid.  It  acts  like  sulphuric  acid  on  vegetable  sobstao- 
cest  charring  them,  and  forming  a  quantity  of  water. 
With  alcohol  it  forms  a  pecuUar  ether.  This  remark- 
able acid,  which  does  not  act  on  glass^  is  a  combiaa* 


lion  of  fluoric  and  boractc  acids.     Thenard  and  Gaj 
JLussac  have  given  it  the  name  otjluo-boric  gas*. 

When  floate  of  lime  and  sulphuric  acid  are  heated  in 
leaden  vesiels,  no  gas  is  obtained,  but  only  an  acid 
liquidt  contitsting  of  water  and  fluoric  acid  combined 
together.  When  exposed  to  the  air  it  emits  vapoart. 
When  mixed  with  water  it  heats,  and  even  enters  into 
ebullition*  When  brought  in  contact  with  glass,  it  acts 
upon  it,  becomes  hot,  and  it  converted  into  siliclferous 
fluoric  acid  gas.  When  allowed  to  touch  the  skin,  a 
white  spot  is  formed,  with  the  pain  of  a  bum,  which 
terminates  in  a  blister*  The  best  remedy  is  to  touch 
the  place  with  a  weak  solution  of  potash.  When 
brought  in  contact  with  potassium,  a  violent  combuslion 
takes  place,  hydrogen  is  evolved,  and  fluate  of  potash 
and  water  disengaged  \* 

When  potassium  is  placed  in  contact  with  fluoric  acid 
gas,  holding  silica  in  solution,  white  fumes  appear,  tJie 
metal  loses  its  splendour,  is  covered  with  a  white  crust, 
and  some  hydrogen  gas  is  evolved.  When  heat  i«  ap. 
plied,  the  metal  bursts  through  the  crust,  becomes 
first  of  a  copper  colour,  then  bluish  black,  and  at  last 
inflames  and  bums  with  a  most  brilliant  red  light. 
The  whole,  or  a  part  of  the  fluoric  acid  gas  disap. 
pears^  according  to  the  portion  of  potassium  present; 
a  chocolate  coloured  mass  remains  in  the  bottom  of  Uie 
retort,  and  a  sublimate,  in  some  parts  chocolate,  in 
others  yellow,  is  found  round  the  sides  and  at  the  top 
•f  the  retort.     When  the  fluoric  acid  gas  has  been 
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Book  ft     dried,  the  residaal  gas  amounts  to   about  -r^  of  tbe 
*°       fluoric  acid  gas  destroyed  ;  when  the  gas  has  oot  bsea 
dried,  it  amounts  to  about  ^h  part.     Hence,  probablj, 
it  is  owing  to  the  decomposition  of  water,  for  it  p<n. 
sesses  the  properties  of  hydrogen. 

The  chocolate  coloured  matter  formed,  when  en- 
snined  with  the  magnifier,  appears  to  consist  of  differest 
substances  mixed  together ;  a  blackish  matter,  a  white 
apparently  saline  matter,  and  a  substance  having  dif- 
ferent shades  of  brown  and  fawn.  It  is  a  non-coadactn 
of  electricity.  When  thrown  into  water,  it  cfferTetcei 
sirongly,  and  an  inflammable  gas  is  evolved,  having 
some  resemblance  in  smell  to  phosphureted  hydrogen 
gas.  When  heated  in  the  open  air,  it  bams,  and 
is  converted  into  a  white  saline  mass  *•  There  csa 
]be  little  doubt  that  the  fluoric  acid  gas  is  decompoied 
daring  this  combustion,  and  that  its  basis  cxistt  io  the 
chocolate  coloured  residuum  ;  but,  as  it  appears  to  fora 
a  compound  with  the  potash  formed,  it  has  not  beea 
possible  hitherto  to  ascertain  its  properties.  In  this 
respect  fluoric  acid  resembles  sulphuric  and  phosphoric 
acids,  which  are  decomposed  by  potassium,  but  their 
bases  combine  with  the  potash  formed. 

II.  Boracic  Acid. 

I  HAVE  given,  in  page  173  of  this  Appendijc,  an  ac- 
count of  the  composjtioQ  of  this  acid,  and  of  the  pro- 
perties of  its   basis,    to  which  the  name  of  baracm^ 


♦  Davy,  PbiL  Tfm.  i8oj^ 


APFKNDir, 


313 


i  been  given.     It  appears  to  be  a  compound  of  two    ^}^  ^^ 
rts  oxygen,  and  oiie  part  of  boracium. 

III.  Oxymuriatic  Acid. 

The  recent  experiments  of  Thcnard  and  Gay  Lus- 
sac,  related  in  a  preceding  part  of  this  Appendix,  alter 
our  notions  respecting  this  acid.  Instead  of  the  oxygea 
being  loosely  combined,  it  appears  to  be  united  most 
firmly  to  the  muriatic  acid,  and  not  to  be  capable  of 
being  separated^  even  by  the  action  of  carbon  at  a  re4 
heat*  The  easy  decomposition  of  this  acid,  in  com* 
men  caseSf  is  owing  to  the  strong  affinity  of  muriatic 
acid  for  water. 

Majon  has  ob5erved,  that  when  bottles  filled  witb 
oxymuriatic  acid  gas  arc  exposed  to  the  sun,  the  co- 
lour and  smell  disappear s,  and  a  smell  is  observed  st* 
milar  to  that  of  muriatic  ether.  Hence  he  suspects 
that  ether  is  formed  during  the  decompobilion  of  this 
acid  by  light.  But  his  experiments  arc  altogether 
insufficient  to  prove  the  truth  of  this  opinion  *• 


IV.  Chromic  Acid  and  Chromatcs. 

VauqJ7£LIN  has  recently  published  an  idiportant 
paper  on  the  method  of  procuring  chromic  acid  and 
oxide  of  chrome,  and  on  the  combination  of  these  bo- 
dies with  bases  and  acids  f*. 

4  *It  is  from  chromate  of  iron  that  these  substances  are 
usually  procured,  because  that  is  by  far  the  most  abun- 
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dant  ore  of  that  metal.  Twa  parts  of  fhit  %iA 
arc  mixed  with  one  part  of  nitre^  mud  calcined  for 
time  in  a  crucible.  The  mats  is  digested  ta  water»  tk 
liquid  geparated,  and  the  residue  Created  witli  raurtitir 
acid.  The  acid  nolutioo  is  iipccdily  decanted  off,  and 
the  residue,  which  is  chromate  of  iroa  uodeoocopoidlr 
is  to  be  calcined  a  second  time  with  the  fourth  ptrtol 
its  weight  of  nitre,  and  treated  as  before.  When  tin 
ore  is  completely  decomposed^  the  aqueoui  sokboni, 
which  contain  the  oxide  of  chromium,  mre  to  be  coJ* 
lected,  saturated  with  nitric  acid,  and  crystalJiied,  in 
order  to  separate  some  impurities.  The  salt  is  thm  is» 
be  dissolved  in  water,  and  mixed  tivith  a  sdoJiaa  of 
nitrate  of  mercury,  containing  as  little  excess  of  icid  u 
possible^  A  red  precipitate  falls,  consisting  of  tbecko* 
mic  acid  combined  with  the  mercury.  It  is  10  belb^ 
roughlj  washed,  and  exposed  to  heat  in  a  sione-wire  tt* 
tort.  The  oxide  (rf  chromium  remains  in  m  slate  of  po* 
rity. 

Chromic  acid  may  be  obtained  pure  by  mixmg  chfo- 
mate  of  potash  with  nitrate  of  barytes.  The  pred|N. 
tale,  which  consists  of  chromate  of  barytes,  is  to  be  wtU 
washed,  and  exactly  decomposed  by  means  of  sulpbohc 
acid,  not  abided  in  excess.  The  sulphate  of  barytes  be- 
ing separated,  the  liqitid  ii  to  be  cautiously  evaporated 
to  dryness,  water  uddcd,  and  the  process  repeated  twp 
or  three  times,  in  order  to  get  rid  of  the  nitric  acid. 

The  oxide  of  chromium  is  green,  the  chromic  add 
red.  100  psrts  of  oxide  of  chromium  are  coiiTerted 
into  chromic  acid  by  combiniog  with  10-6  parts  of  oxr* 
gen.  Chromic  acid  is  decomposed  by  sulphurous  md^ 
and  converted  into  oxide  of  chroraium.     The  colour  ii 
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iit  first  reddish  browo,  but  by  beat  it  is  converted  into     Cfup.lL 
green. 

Oxide  of  chromium,  obtamcd  bj  calcining  chromate 
of  mercury,  is  soluble  in  acids  with  great  difficulty ; 
but  the  oxide  of  chromium^  obtained  by  decomposing 
chromate  of  potash  by  sulphureted  hydrogen^  filtrating 
and  adding  a  little  potash,  is  easily  soluble  in  the  dif-» 
ferent  actdi. 

The  sulphate  of  chromium  is  easily  decomposed  by  Salt*  of 
heat.  Muriate  of  chromium,  evaporated  to  dryness, 
leaves  a  red  powder,  which  deliquesces  in  the  air*  The 
solution  is  green*  When  heated  oxy muriatic  acid  gas 
is  given  out»  it  swells  up,  and  ia  converted  into  yellow 
plates,  and  at  last  nothing  remains  but  green  oxide. 
Nitric  acid  dissolves  oxide  of  chromium  with  facilityt 
and  without  altering  its  nature  ;  but  if  the  solution  be 
evaporated  to  dryness,  a  portion  of  the  oxide  is  converted 
lAto  acid.  Phosphate  of  chromium  has  an  emerald  green 
colour,  oxalate  of  chromium  is  of  an  amethyst  red. 
Sulphurous  acid  readily  dissolves  the  oxide  of  chro- 
mium. Oxide  of  chromium,  recently  precipitated,  is 
soluble  in  caustic  potash  ;  the  solution  has  a  fine  green 
colour. 

Chromate  of  potash,— There  are  two  varieties  of  this  ^f 
salt :  !•  The  neutral  chromate,  of  a  lemon  yellow  colour, 
which  crystallizes  in  small  prisms*  When  heated  it  be- 
comes red,  but  assuipes  its  natural  colour  on  cooling. 
2-  The  superchromate,  which  has  an  orange  yellow 
colour,  and  crystallizes  in  fine  prisms. 

Chromate  of  ammonia. — When  chromic  acid  is  satu- 
rated with  ammonia,  and  the  liquid  set  aside,  a  silt 
gradually  forms  of  a  fine  yellow  colour.  It  is  decom- 
posed by  a  slight  heat,  even  when  in  solution^  bron-n 
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docks  af  chromic  acid  prccipiuung^  wJuch  ^ 
when  calcined. 

Chromate  of  bary tes.— Thii  aalt  is  ciisii/  lOTadJj 
mixing  chromate  of  potaih  auul  niirate  of  baf/iei,  Tk  { 
salt  prccipiuui  in  powder*     It  U  nol  sctuiblj igJaUi 
in  watcfi  aod  is  composed  of 

40* i0  chromic  aetd 

59*84  barjtcs 

100-00 

Chromate  of  lime,— This  salt  is  pretty  soluble  *-»  »«- 
ter.  By  evaporation  it  jrtelds  silky  plafea  €^ar 
brown  colour,  readily  soloblc  in  water*     Thtixtdil* 
kalies  decompose  it. 

Chromate  of  magoesia.^^Tliis  salt  ta  very  adiMeh 
water.  It  crystalUxes  tii  transparent  stjs-sidcd  pmi^ 
•Itf  a  &jie  topaz  yellow  colour.  When  in  largf  ttiwi 
jita  colour  is  orange  yellow.  The  magnetta  ts  pnofi 
tated  by  the  cau:»tic  fixed  alkalies^  and  ihe  aUcslifie 
earths. 

Chromate  of  iron* — When  chromate  of  pota&b  ii 
dropt  Into  sulphate  of  iron^  a  fawn  caloured  predpiint 
falls,  which  contains  oxide  of  chromium.  Hence  il  ip. 
pears  that  the  black  oxide  of  iron  drcomposea  cbroaiie 
acid.  To  compose  chromate  of  iron,  then,  we  i&iist  e^ 
ploy  oxy sulphate  of  iron. 

Chromate  of  lead.— This  salt  assumes  diffetent  dnda 
of  colour  according  to  the  method  of  prepmriog  it.  Net* 
tral  chromate  of  putash  throws  it  down  of  an  orii|e 
yellow^  supcrchromate  of  a  deep  lemon  yellow,  sub- 
chromate  of  a  yellowish  red  or  deep  red*  Tbe  chm* 
mate  of  lead,  made  by  means  of  a  solution  sltf  htlyaod; 
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the  colour  which  is  most  sought  after  b^  painierr^   .  ^*f  '^^ 
tCHi  which  in  reality  is  the  most  solid* 

Chromaie  of  copper.— This  twit  may  be  formed  by 

ing  together  solutions  of  chromate  of  potash  and 

phatc  of  copper-  A  precipitate  falls  which  is  at  first 

f  ellowish  brown^  but  becomes  bistre  brown  when  dried* 

Chromate  of  silver, — This  salt  may  be  formed  by 

mixing  chromate  of  potash  and  nitrate  of  silver.     The 

precipitate  is  reddish  brown  when  the  li(|uids  are  mixed 

hoti  purple  red  when  they  are  mixed  cold,  and  carmine 

Ptpd  when  the  chromate  of  potash  contains  an  czceis  of 
Icid.     It  becomes  brown  when  exposed  to  the  light, 
and  is  soluble  in  nitric  acid. 
I  Oxide  of  chromium  is  employed  to  colour  porcel&Io, 

i|  It  gives  a  fine  green^  and  resists  a  strong  heat*  better  than 
it  most  other  metallic  colours.  An  enamel  is  made  of  it^ 
Itj  which,  when  applied  to  copper  or  silver,  imitates  very 
tKactly  the  colour  of  gold  ^. 

V*     Acetic  Acid, 


From  recent  experiments,  as  well  as  others  made  long 
agOt  it  appears  that  the  specific  gravity  of  acetic  acid 
does  not  indicate  its  strength.  Thus  MoUerat  found 
two  specimens  of  acid  of  the  same  specific  gravityi  Spcdfic 
namely  1*0630  ;  though  the  first  contained  0-87125  of  ^*^^* 
acid,  and  the  other  only  e*41215.  When  water  is 
«dded  to  the  strongest  acid,  its  specific  gravity  increases 
till  it  amounts  to  1*0191.  The  acid  then  contains 
0*67250  of  its  weight  of  acid.   If  more  water  be  adde4g 
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the  spiHU^f^l^  gradnaU j  dtmiaiihef *  Tbm  it ^, 
pcari  that  the  specific  gr aVity  of  icef  ic  •cid  tncroieivtl 
it»  strength  till  it  re^tie«  I'OT^lt  when  the  pn>pQfta 
of  «ctd  amounts  to  O-UTSSfi.  The  mpecific  grvritj  tfe 
thit  dimifiishci  as  the  sifength  incre«tci^, 

Th^tc  chiinget  in  the  specific  grmvity  tre  tufoettia 
ncca!iioned  by  the  presence  of  a  pectiliftr  iffiriliOVii^Mr 
in  strong  aeetic  sictd.  This  liqaor  being  Hglrter  te 
water,  bfiUncf  9  the  specific  gmviiy  of  the  add,  mi 
ihtjs  aiu%es  tim  mixture  lo  be  ipecificaHjr  Ugliterp  eta 
nrhen  the  quAutlty  of  acid  is  increased.  We  are  is* 
debtfd  to  Mr  Cheficvix  for  an  importml  art  of  txprn* 
ments  on  the  formation  and  propertiei  of  tkis  pmlitr 
spiritoos  liquor,  to  which  he  has  giiren  the  tunic  of //. 
to^acttic  spirit  f .  The  following  is  a  atusmarf  (sf  the 
ino$t  important  parts  of  the^  esperimentt* 
ft  Enitish  vinegar^  of  the  specific  gravitj  l*004$»wis 
found  to  contain,  besides  water  mad  acetic  add,  a  pem> 
liar  vegetable  matter,  which  maj  be  diatiUcd  orer  wiA 
the  liquid,  and  which  has  beeO  sonMtimea  called  mta^ 
lage^  sometimes  ixiraciive.  It  contains  also  traces  o(i 
spiritons  liquor*  French  vinegar  waa  found  to  coetiis 
tlie  ismc  substances,  but  their  proporiion  wai  diiTertou 
Itsspedlic  gravity  was  i*0072|  and  it  cdolaiaed  laare 
acetic  acid  and  spiriious  liquor^  and  leas  mticilige^  Uua 
English  vinegar. 

When  the  metalline  and  alkaline  or  eanhjr  aceCSMi 
are  distilled^  acetic  acid,  mixed  with  Water,  lad  diil 
pyro.aceticspitit,  is  obtained.  The  metallic  baae,  oiiael 
With  charcoal,  remains  in  the  retort ;  and  there  im  tt 
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ure  of  csrbooic  acid  and  heavy  tnflammable  gas. 
tlie  metallic  base  is  usually  reduced  to  the  metallic 
Hate;  and  the  more  difficult  this  f eduction  tSi  the  greater 
^  the  quantity  of  pyto*acGtic  spirit  formed.  The  fol- 
towing  Table  exhibits  the  result  of  the  di?tiUatton  of 
leirea  metalMoe  acetates  in  a  state  of  purity. 
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The  uctates  of "pottili  tnd  of  loda  ^ire  i  grease  fh 
ponaon  of  pyro-acetic  ipirit  ibaii  znj  of  the  wteaBM 
^eutcf .  When  acetate  of  b«iy lies  it  dtttslled;  tk  wU 
liquid  product  coosUts  of  this  spirit  wilhoiil  anj  n^ 
lure  of  acid  whatever. 

This  pyro>acetIc  spirit  ts  <}uile  the  samebbpi. 
pcriics,  from  white%xr  acetate  it  is  procured*  Koide 
gcnns  of  saltft  tried^  bs  the  oxalates,  tartratety  tin 
yield  ihii  spirit.  Acetic  acid  is  not  converted  toto  I 
heat*  MrChenevix  distilled  the  saniQ  pcof 
acetic  acid  five  or  mx  times  through  a  red-hot  pen 
tube  I  part  of  it  was  decomposed,  the  liquor 
brown^  and  Its  %^dfic  gravity  was  diminiibed,  but  t 
considerable  proportion  rcmaine4  tuialtcred.  Bat  if 
charcoal  be  pCit  into  the  porcelain  tnbe,  the  miisiu 
stfoyed  by  one  dimllstioo,  and  nothing  obtained  b 
watery  carbonic  acid,  aiid  heavy  inflammable  air. 

Pyro^acettc  spirit  is  a  white  md  Ttinpid  HqticL  la 
tajttc  IS  at  first  acrid  and  hot,  but  it  becomes  cooliitgia^ 
in  some  sort  urinous.    Its  smell  is  pcctiliar,  and  ti  cbb- 
pared  by  Mr  Chenevix  to  that  of  a  mixture  of  o3  i 
peppermint  and  bitter  almonds^     Iff  specific  grtnlf, 
whca  as  pure  as  possible,  is  0*7864«      It  burns  vriiki 
flame,  white  exteriorly,  but  of  a  fine  blue  witbia,  wi  I 
lea%^es  no  residue.     It  boils  at  the  temperattireof  l(5^ 
It  mixes  with  water,  alcohol,  and  volatile  oils  h  sj 
proportion*      With  hot  olive  oil  also  it  mixes  in  O} 
proportion  \  but  with  that  oil  cold  It  mixes  only  iacn* 
tain  proportions*    It  dissolves  a  tittle  sulphur  aod  pha*  I 
phorus  and  is  an  excellent  solvent  of  camphor,     Whei 
hot  it  dissolves  wax  and  tallow.     A  portion  of  tbes 
substaoccs  precipitates  as  thasoluiiocs  caol%-  but  iniff 
still  occasions  a  considrrable  precipitate  tn  it.     It  & 
solves  potash,  and  becomes  darker  coloured  ^  but  it  m^ 


be  obtained  by  distilhttoti  again  atialtered.  When 
mixed  with  sulphuric  acid  it  blackens  aod  is  decompo- 
sed, and  much  charcoal  is  formed*  When  mtxcd  with 
nitric  acid  it  becomes  yellow,  and  its  propeiiies  arc  al- 
tered. Some  oxalic  acid  is  formed.  Muriatic  acid  ren* 
ders  it  brown.  When  distilled  with  this  acid  a  combi- 
nation  takes  place,  and  a  substance  is  formed,  possess- 
ing very  different  properties  from  muriatic  ether.  Thus 
it  appears  that  pyro*acetic  spirit  is  a  liquid  possessing 
properties  peculiar  to  itself,  and  quite  di^erent  from 
those,  both  of  alcohol^  ethers,  and  volatile  oils.  It  de- 
jiervcs,  of  course,  a  peculiar  place  among  compound 
combustibles* 


sal 
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VL     Benzoic  Acid.^ 

FoURCROY  and  Vauqueltn  some  time  ago  announced^ 
that  benzoic  acid  might  be  obtained  from  the  urine  of 
herbivorous  animals^  Advantage  has  been  taken  of 
Ibis  discovery,  and  a  benzoic  acid,  obtained  from  the 
urine  of  cattle,  introduced  into  commerce  in  France. 
It  has  the  colour  and  lightness  of  common  benzoic  acid, 
Imt  it  wants  its  aromatic  smell.  Fourcroy  and  Vau- 
qitelin  have  ascertained,  that  if  it  be  mixed  with  about 
'^th  of  its  weight  of  benzoin  in  powder,  and  sublimed 
«  second  time,  it  acquires  the  smell  and  all  the  other  ] 
tiropercies  of  common  benzole  acid  ^. 


VIL    Sadactic  acid. 
T&OMM&DOKF  has  lately  subjected  this  acid  to  distil- j 
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Uiloo,  &Ad  exaauned  the  proftucU*     ]>m^  tht  j 
the  aod  iif  &Ui,  bladt,cti«,  aod  melts  i   m  li^iedj 
iMiQ  the  n:ur I  vcr^  at  fixil  colpprleMy  liiea  jilb^  s,  I 
co#7ip«4nicd  Mr  J  ill  hcATy  whiic  ^^pottrty  mmd  bSmmti^ 
4  link  cfnpyrciiinitio  ojl;  csrboaic  wi  ps  i»  db 

Ulc  cod  ft   *'      • -   ^  '     nspareai 

Ui«  oiG^lic  lustre,  and  wh|dv  ^'htn  iacMr^tad,] 
Uwoi  of  Umc^      The  liquid  in   the   reeeti^cr 
tccuc  luid  pjFrQUrtaric  s^^^idi,  but  oo  Irmco  of 
«cid  or  ammooia.     Tlie  crjr$tals  poss«n  t^e  fii 
Qf  succtujc  acid  *• 

VIII.     Saberio  Acid* 


CmMWtLMVU  has  Jatalf  $u!i  -    -^  -ub^ric  acii 
Q^tanuo^tioOt  and  Jiai  adUcil  ^cfabl^  to  at 

kigpot  m  prosertjea.  He  obtaaited  it  hf  iliy»%i 
pad  ^f  oork  m  o  |Kirt4  of  »cid*  After  the  tbi  M 
fi^Med  iQ  act,  iht;  wh()lc  virat  evuporsled  to  iba  cm^ 
ca^of  aa  i^y^ii^t,  hot  water  was  poarcd  aYer.  tiite 
aaUtyra  imt  digested  for  aomc  itme  ia  m  maoA  ImI 
When  %cx  mid^f  a  ibaUer  like  wmx  fanned  <m  fkttm* 
faccj  atid  whtte  lastelc^a  flockt  pc^ipittted  l0tii«bi^ 
tom«  Theac  sub&tancea  were  aepaf^Ocd,  and  ibe  liyal 
concern  rated  by  evaporation*  Suberic  acid  predpiiay 
in  powder,  and  towards  the  i^iid  of  ib«  proccaa  ojrtili 
of  oxalic  acid  fonnrd,      I  observed   the   f onoaliaa  ^i 
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ic  icid  some  years  ago,  while  treating  cork  with 
ic  ftcid, 

liberie  acid  thus  formed  maj  he  purified  by  wasb. 
in  cold  i)ratcr.  It  b  then  while  like  starch,  and 
;  afi  acid  taste  wiihout  any  bitterness.  Light  does  not 
ker  its  whiteness.  Water,  at  the  temperature  of  140^, 
dissolves  ^th  of  ita  weight  of  this  acid,  and  ^'^th  at  the 
temperature  of  55*5^.  When  healed  it  melts,  and  on 
.eoeliog  crystallizes  ia  acedles.  When  heated  in  a  re. 
hMt  it  is  volatilized^  and  condenses  on  the  upper  part  in 
^w  needles.  It  does  not  precipitate  lime,  barytes,  or 
^^ntiao  water,  nor  tbe  salts  containing  these  alkaline 
Icarlhs.  The  alkalies  dissolve  it  very  well,  and  form 
with  it  neutral  saltj.  It  precipitates  nitrate  of  silver, 
jouriate  of  tin,  sulphate  of  iron,  nitrate  and  acetate  of 
lead,  and  nitrate  of  mercury,  but  it  docs  not  precipitate 
aulphate  of  copper  or  sulphate  of  zinc. 
,  Nitric  acid  has  no  action  on  it.  It  dissolves  in  alco. 
iiol.  It  does  not  alter  the  colour  of  sulphate  of  indigo, 
provided  it  is  free  from  yellow  bitter  tnatter  *•  These 
properties  show  a  strong  resemblance  between  this  acid 
benzoic,  though  it  differs  in  several  respects* 


i 


IX* '    Prusstc  acid* 


It  has  been  annouaced  ia  the  Philosophical  Maga* 
fl^e,  that  Mr  Porret>  junior,  has  obtained  an  acid  dif- 
fering from  the  prussic  in  containing  less  oxygen,  and 
which  is  converted  into  prussic  acid  by  the  addition  of 
cxy£ea.     He  calls  it  prussous  acid,,     It  is  a  most    '  '* 


Chafi.If. 
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die  lest  of  the  prefenee  of  »]Iv^er»  waA  prtdfimmvak 

red  *.  Ai  these  cxpcrimenti  have  not  jet  him  jA> 
lished,  It  is  impo&table  lo  foirtn  any  tiottoa  of  theiiiv 
lure.  If  thry  prove  accurate^  thejp  will  A'f^ffmnt 
fhut  oxjgesi  is  one  of  the  constttueots  of  pniaic  acii« 


X,    Pjtomric  «cid» 

Tut  c^bitnratton  made  hf  Gehlcn  retpecttof  llai 
■eid^  mentioned  in  vol.  ii*  p.  353  of  ihis  Wock«  mkiod 
Fourcfojr  and  Vauquelin  to  examiner  it  again,  aad  dif 
have  ascertained  that  it  is  nor  an  empymimatic  iota 
acid^  as  ihej  had  been  led  to  suppose,  but  aa  add  pi^ 
teased  of  peculiar  properties,  and  ralitled  to  rank  at 
species  apart.  They  obtained  it  bj  disttlliqg  iMXtu  k 
a  retort,  saturating  the  liquid  obtained  by  meaai  df  ca* 
bonate  of  potash,  and  purifying  the  aalt  by  rep^jil 
eryatalltiations  and  solutions.  When  this  salt  mu 
mixed  with  diluted  stilphuric  acid,  and  subjected  tt»ii» 
tilhtion,  it  ^mished,  towards  the  end  of  the  proe^i 
white  sublimate,  which  attachea  itself  to  the  whoknu 
face  of  the  retort  in  scales.  This  subliitiate  it  ptsftffm 
rotariaric  aciJ^ 

Its  taste  is  extremely  acid*  When  heated  it  tndi^ 
atid  sublimes  in  a  white  smoke,  withont  leaving  tsj ft* 
aidoe.  It  dissolves  readily  in  water,  and  crystaOii^s 
again  when  subjected  to  spontaneous  evaporation*  h 
0oes  not  precipitate  acetate  of  lead  nor  nitrate  of  stlTcr^ 
|fut  it  precipitates  nitrate  of  mercury.      Some  lime  ifet 


fFhU.Mi^i,um.i 


has   been  mixed  with  acetate  erf  lead,  needlefonu     Chip*IL^ 
crystals  mskt  their  appearance. 

Wheo  combined  in  excess  with  poUsh^  do  talt  &i^ 
ilar  to  tartar  is  fortned»  In  this  stale  it  iDStaml/ 
rms  a  precipitate  wheo  dropt  into  acetate  of  lead. 
Pyrotartrate  of  potash  ii  soluble  in  alcohol.  It  does 
not  precipitate  the  salts  of  barytes  and  lime,  as  tartrate 
Qf  potash  does  *, 


XI*     Zingiberic  acid. 


^M  4^K  anonymous  writer  in  Nicholson's  }ou^ns^\f  has 
announced  the  formation  of  a  new  acid  from  ginger,  to 
^wrhich  he  has  given  the  name  of  %w^benc  acid*  hxi 
H^unce  of  white  ginger  was  infused  for  two  Qr  three 
days  in  six  ounces  of  nitric  acid*  The  mixture  waa 
then  diluted  with  rather  more  than  its  bulk  of  water^ 
tod  evaporated  at  §12*^,  till  the  smcU  of  nitric  acid  was 
gone.  Carbonate  of  lead  ^as  then  added  to  saturatioO| 
and  the  solution  filtered*  A  sufficient  <]uantity  of  ni« 
trie  acid  to  neutralize  the  Ipad  was  added^  and  the 
liquid  again  filtered  * 

By  evaporating  the  lifjuor^  an  acid  was  obtained,  simi- 
lar in  appearance  to  short  white  pieces  of  raw  silk*  It 
f}xidizes  zinc  and  iron,  dissolves  the  alkalies  and  alka- 
line earthsi  and  the  oxides  of  zioc,  iron^  lead,  and  cop* 
per*  It  differs  from  most  of  the  vegetable  acids,  in  form- 
ing soluble  salts  with  barytes  and  lime.  It  is  not  vola« 
lUized  nor  melted  at  the  temperatare  of  212***  It  is 
pretty  soluble  in  water.     Its  combination  with  mag« 


P  4^i§  €^hm.\gv%  ik%^ 


t  VoL  uiii*  p.  38^ 


^  in  nests  hi!  a  swtel  tiste.  A  man  complete  iaTM{>i ' 
tion  will  be  neccsaarjr  before  the  peculiAr  uitttre  of  As 
tttbstance  cao  be  cotindercd  m  fully  cMaWkhri^ 

eH4r*  IV.— Sect.  U*  Etmiu— Vol,  II*  p*  m7 


Tbekahd  hsf  fiscemmed  by  experifneol,  tbn 

cf  the  vegetable  adds  arc  capable  of  forming  an  etfeef, 
when  dUdUed  with  alcolsol,  except  the  acetic^  \m 
that  alt  of  them  are  capable  of  combs ning  with  ak6» 
hoi,  and  of  forming  with  it  a  kind  of  oil/  compeni^ 
It  thef  bt  mixed  with  alcahot,  sod  with  a  poitfoo  ol 
any  af  the  powerful  mineral  acids,  aa  Uic  ssilphttrk  or 
muriatie,  and  distilled.  The  oily  compouad  is  tome^ 
times  obtained  in  the  receiver^  sometimes  ft  reroajaiia 
the  retort. 

Two  parts  of  benzoic  acid  were  dissol  red  in  four 
df  alcnhol,  of  the  specific  gravity  0*800,  and  the  loW 
tiott  mixed  with  one  part  of  cofieecitratcd  mtmatic  moL 
This  mixture  was  distilled  in  a  retort.    No  gaaeoui 
stances  were  disengaged.      The  first  liquid  chat 
over  was  a  weak  alcohol.     The  last  liquid  that 
over  contained  the  peculiar  oily  substance,  which  oighl 
be  separated  bj  means  of  water.     A  good  deal  of 
aame  matter  remained  in  the  retort,  and  was  depoiitrd 
cooling.    When  purified,  by  washing  it  witli  hot  wata}' 
in  which  it  is  not  sensibly  soluble,  it  possesses  the  fak 
lowing  properties : 

Its  eolour  is  yellowish  {  it  is  a  tttde  lieaWer  Hiaa 
water  $  iu  taste  ia  strong ;  it  melts  at  the  tempermtuierf 
909  or  86%  is  volatilisted  at  the  temperature  of  179^;  is 


ctnefl 
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jdy  Qily^  fcarcelj  &olufak  in  cold  water,  more  soluble  p^^^  ^\ 
io  bailing  watefp  but  pcecipitatci  as  the  l^uid  cools; 
brerj^  •olubk  in  Alcohol^  from  ivhidi  it  may  be  pcedpi- 
^aled  by  water*  When  deprived  of  the  excess  of  bow 
^joic  itfcld  by  an  alkaline  carbonate,  it  became  colourless, 
fMd  rcmaioed  liquid  at  the  com  moo  tempeivture  of  the 
^tnospbere ;  its  oth«r  properties  remained  ibc  same. 
When  long  agitated  walb  caustic  potash,  it  was  dccoM^ 
posed,  and  found  to  be  a  compound  of  benzoic  acid  and 
alcohol. 

A  mixture  of  30  partsoxalic  acid^  36  alcohol,  and  lOof 
sulphuric  acid,  baitig  dlnilled  tillsiilphUFi«4ther  btgins 
to  come  over,  the  liquid  iq  iht  retort,  when  diluted  with 
^vater,  deposited  a  similar  oily  matter,  which  was  a  com- 
pamid  of  oxalic  acid  and  akoJioL  Gitnc  and  malic  acids 
tmng  substituted  ^r  oxalic,  i  s^mikr  oily  compound 
was  obtained*  Tartaric  acid  furnished  also  an  oiljr 
compound,  but  its  properties  were  peculiar*  Traces 
of  a  similar  compound  were  observed  when  gallic  acid 
was  employed.  The  other  vegetable  acids  were  not 
tried  i  but  it  is'pffobable  that  they  also  Vould  furnish 
similar  comp^tHids:  so  that  alcobol  ^eefos  to  have  the 
property  of  combining  witb  almost  all  tbe  acids,  and  of 
neutralizing  tbemt  and  coacealing  theif  characteristic 
properties. 

When  concentrated  sulphuric  acid  is  added  to  a  mix* 
ture  of  acetic  acid  and  alcohol,  it  greatly  facilitates 
the  formation  of  acetic  etber^  Nitric  and  muriatic  acids 
produce  the  same  effect,  but  a  greater  proportion  of 
them  is  necessary.  Phosphorous  scld  likewise  produces 
a  considerable  effect,  an<^  a|!iQnic  and  osalic  aod^  a  still 
less.  Tartaric  and  phosphoric  adds  produce  no  effect 
whatever.    Thus  it  appears  that  acids  favour  the  form* 


^2» 
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i&on  oi  aeeUc  ctber  b  propoclioa  ms  ibtj 
proptrtjr  of  coBderanf  alcohol  *. 

Tbcoird  hM  eodeavoarcd  to  show  ibst  jiQ  uuo^i 
veplable  sobstaaccs  have  tlie  propcrtjr  of  loi^ 
ivith  aeidsy  sod  of  ncutrdixmg  them.  He  lai  n 
cti  five  eicftrnplet  from  v^etmble  bodies,  «i  H  ii 
from  the  auiimil  kiogdom.  Uis  hy polbeiii  ii  aap^ 
tboogh  he  has  probablj  stretched  it  a  gretl  U 
Jkrt. 


Book  II.— Dirtiio}!  III.— ^tuup.  HI. 
Vd.  IL  p.  565. 

Sevki  AL  vduiible  aotLljset  of  dlfferetit  \ 
peared  since  this  Chapter  was  priotod.     Tbe  J 
ITablei  include  the  niost  material  of  these ; 

Muriate  of  Potash* 


1 

f 

Acid 

34*83  1 

33*34 

Base 

65*11 

66*M 

Total 

lOQ        lOO        1 

•  Mfm.  tPAriutU,  II 5,  I  Ibid,  ii.  %^ 

I  Cttrmudilii  /*irr.  tU  tfyf^lx^U  !!• 
t  Bcrthatl<;c,  Mm.  iJUmH,  u.  IJ. 


fi    ffli   I, i 


Sabc2rbonate  of  Soda. 


* 

♦ 

t 

Acid 

i3"98 

3T41 

ia*04 

Base 

23-33 

02*53 

20-85 

Water 

62*69 

63-01 

Total 

100 

100 

100 

991 
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Carbonates  of  th«  Aikatine  Earths* 

Berthollet  has  rendered  it  probable,  that  what  are 
considered  at  present  as  carbonates  of  the  alkaline 
earths^  are  in  realit/  subcarbonates  ;  and  thai  the  true 
carbonates,  if  they  could  be  formed,  would  contain 
twice  as  much  acid,  united  to  the  saine  ijuantity  of  base. 
Ell  the  known  carbonates  $. 


Siilpbdle  oi  Pataj^h, 


II 

^      ' 

•«      I 

Acid 

41-5Q 

42-29 

42-16 

Base 

58-50 

5T11 

57-24 

j  Total 

100       llOO       1 

100 

•  Derard,  Attn*  dt  Chim,  Ixii-  55  and  58. 

I  D'ArceCt  IhkL  livtii  178,  and  lixL  so& 

{  Mm.  itArcyeii,  U*  478,  |1  dertholki]  Ibid.  p.  ^«. 

^  Curaudau,  /ovr*  dt  Pbyi,  WiU  10^ 


tS2 
BMkir. 

BivUioUI. 


APPENDIX. 

.Sulphate  of  Soda. 

22*78  acid 
47*22  base 


100-00  ♦ 


Sulphate  of  Barytes. 

d2'30  acid' 
07*70  base 

lOO'OOt 

Nitrate  of  Potash. 


t 

§ 

II 

Acid 

48*62 

50*24 

51*36 

Base 

51-3S 

49*7(5 

48*64 

Total 

100 

100 

100 

Phosphates. 

It  has  been  the  opinion  of  chemists,  that  the  odj 
phosphates  which  can  be  decomposed  by  heat  andchir* 
coal,  are  the  phosphate  of  ammonia  and  the  metiUiiK 


*  Berard,  Amm.  de  (Aim*  Iiii.  54. 
f  BerthoUet,  Mem.  dCAr»-ufiK  "'•  49* 
$  Curaudau,  J  fir.  de  Pbyt,  Ixvii.  lO. 
i'  BcrarJ,  Aw,  dt  CjimAu'i,  6?. 


t  Id.  Ibid.  p.  ;9- 
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iptphaus*  Saii»sure  junior  has  shawn  that  this  opt- 
is  erroneous*  By  distilling  a  mixture  of  plios<« 
|e  of  potash  and  charcoal^  and  phosphate  of  soda 
L charcoal^  in  a  strong  heat^  he  obtained  a  consider- 
i  quantity  of  phosphorus*  Even  phosphate  of  time 
decomposed  by  the  same  process,  but  a  very  vio- 
;  temperature  was  necessary  •• 


Chap.  Ul* 


Sulphate  of  Copper, 

IIEUR  has  observcdf  that  the  sulphate  of  copper^ 
1  sufTiciently  transparent,  refracts  doubly^  like  many 
'  crystals  of  a  liokilar  formf* 


laoK  III. — Chap.  IL — Sect.  II.  Mixture  of 

Ga5£s.  Vol.  III.  p.  453.  ' 

TfiS  experiments  of  Mr  Dalton  upoo  the  rapidity 
rith  which  gases  mixed  when  brought  into  contact^ 
l^vc  been  repeated  with  care  by  Berthollet.  His  appa- 
Mtixs  consisted  of  two  small  globular  glass  vessels^  fur« 
i&hed  each  with  a  stopcock  ;  the  capacity  of  the  first 
I '591  cubic  inches,  that  of  the  second  1*693  cubic 
lidies^  They  were  joined  by  a  tube  0'i97  inch  in  dia« 
:ielcr^  and  10*43  inches  long.  The  experiments  were 
in  a  cellar,  where  the  temperature  was  etjuable, 
The  stopcocks  were  kept  shut,  and  all  communication 
^ereoted^  till  the  vessels  had  acquired  exactly  the  same 


•  ifmi.  it  dim*  Ixf.  I$9. 


f  Jmtt  dt  Chim  \xr%,  1)8. 


Afpsirois* 

LilL^   iemperature.    The  stopcodts  were  tbea  ofi 
the  proper  precautions  not  to  alter  the  tcntij 
the  end  of  the  experimenr^  the  ttopcodi 
and  ihc  gases  in  each  vessel  exandined.     The  1 
tabic  exhibits  the  result  of  these  expe 


GUm  vcmcU. 

Gftiet  Mud, 

Time 

GutM  UmoAM 

I 
2 

Hydrogen 
Carbonic  acid 

4S  hours 

4113  Car. 
43*20  Dil1< 

1 
2 

Hydrogen 
Air 

48  houra 

4T'24Hjrd 
47'6t  Drll 

1 

:        2 

Hydrogen 
Carbonic  add 

2A  houri 

43  Carbons 
A6  Disto 

1 
2 

Air 

Carbooic  acid 

24  hours 

28  Carbm 
50  Ditto 

1 

a 

Air 
Carbonic  add 

24  hours 

2  "1-2  Caiboi 
5a--8  Ditto 

1 

2 

Aiutic 
Oxygen 

24  hours  , 

50  Otf\ 
30*35  DitI 

1 
2 

Hydrogen 
Oxygen 

24  hours 

50  Oxygen 
50  Dttio 

I 
2 

Hydrogen 
Axotic 

24  hours 

46  hlydrog 
43  Ditto 

1 
2 

\zxnic 
Carbonic  acid  i 

24  hours 

22  Carbon 
eo  Ditto 

1 
2 

Axotic              I 
Carbonic  acid 

4S  hours 

i5  Carboi« 
01  Ditto 

42  Carbonic  acid 
50  Carbonic  acid 


From  these  experiments  it  appears,  that  the  gases 
mtz  more  speedily  when  one  of  them  is  hydrogen^  and 
ich  i^ore  slowly  when  that  gas  is  wanting*  In  the 
St  experiment  we  sec,  that  17  days  were  not  sufficient 
to  produce  an  equable  mixture  of  air  fmd  carbonic 
acid  ^.  It  13  UD necessary  to  observe,  how  incompatible 
these  results  arc  witk  Mr  Dalton's  hypothesis  of  the 
non-elasticity  of  different  gases  with  ftspect  to  each 
other* 


Sect.  Ill*   CouBiKATtour  of  Gas£s. 
Vol.  Ill,  p.  467. 

Ga.7  Loss  AC  has  published  an  ingenious  essay  f  oa 
be  combinalion  of  gascsj  in  which  he  has  endeavoured 
to  show^  th&t  they  always  combine  either  in  equal 
bulksy  or  one  part  of  one,  by  bulk,  with  two  or  with 
three  parts  of  the  other.  Though  he  appears  to  me  to 
have  carried  his  generalization  ratbcr  too  far,  yet  it 
must  be  allowed,  that  in  a  good  many  of  the  cases  be 
has  made  ont  his  point.     The  following  table  exhibits 


•  Mm*  ^Arpnift  il  4f !» 


f  IbtiLii^so;. 
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At  the  specific  gravities  of  the  different  gases  which  Chi|j.n, 
raj  Lussac  employed^  differ  a  good  deal  from  some  of 
tiose  which  I  have  givenj  I  think  it  necessary  to  add 
bem  here,  together  with  the  names  of  the  philosopheta 
^ho  made  the  ejtperimeDts.  At  the  same  tlmCi  I  do 
not  consider  them  as  so  correct  as  those  which  1  have 
given  in  the  table.  Vol*  III*  p«  43Q>  of  this  work* 


^^^ 


Jxygcn  gas  •.. 

Azotic  gas  «.•••»••«••* 
Hydrogen  gas  ...•*•.■ 

Carbonic  acid  gas  ,».• 
Ammoniacal  gas  •..* 
Muriatic  acid  gas  ,«•• 

Citrous  oxide  •• 


1^^  G3&e&.  Sp,  grtirittei* 

Br ^..^,  1*00000 

Lkx7£eQ  £as  ,.•«•••••■«  1*10359 
0*96013 
0-07321 
1*51061 
O'59660^ 
1-278 
*61414 
'36293 

'Nitrous  gas  ..•  1*0388 

Sulphurous  acid  gas     2'2C5 
Carbonic  oatide  ^*at,^f«  0*9509 

Steam 0*6806 

Oxjmuriatic  acid  gas    2*470 


Authorities 


11-3 


p  Biot  and  Arrago 


Biot  and  Gay  Lussac 

Davy 

BerthoUct 

Berard 

Kirwan 

Cruickshankfl 

Trales 

Thenard  &  Gay  Liissae 


L 


Part  IL— Book  L— Chap*  h— Sect.  J.  A^* 

Vol.  IV.  p,  0.  ['^         . 


Gat  Lussac  has  published  some  observations  upon 
ibe  nitrous  gas  eudiometer,  vrbicb  differ  very  much 
from  those  of  Dalton,  stated  in  p.  14  of  this  section. 
According  to  Gay  Lussac,  oxygen  gas  combines  with 
two  proportions  of  nitrous  gas^  cither  with  twice  or 


Afflux  tic  i 

with  thrice  its  bulk  of  it»     When   the  ^%ygt&  pok, 
miDmtts,   the  compound  formed  cotuiits  of  ooe 
dXfgen,  tnd  two  purts  nitrous  gis  {   whcti  the  sirai^ 
ptk  prcdominttesv   the  compaimd  formed  coitinti  4 
Oite  part  ox/grn,  and  three  parts  ottroas  gas.    To  m^ 
Ijse  air,  let  op  100  measures  of  it  into  a  wid^ffwlj 
add  100  measures  of  nitrous  gas;  da  aot  agitHt.  t|| 
about  a  minute  the  absorption  is  complete*     Mc 
the  rettdue.     One  fourth  of  the  btilk  absorbed  gii 
the  oxjgen  gas  in  the  atr  examined  ^.    I  have 
this  estperimenr,  and  find,  that  unless  the   veitd  ht 
bches  la  dtameteTi  the  result  is  very  ttiacctirate*  ^m* 
then,  one  fourth  of  the  bulk  absorbed  hard!)*  njiidi 
the  qoantity  of  oxygen  tn  the  air        Hence  it  is  6bvi# 
ous  that  a  vessel  of  5  or  0  inches  in  diameter  is  o<€es* 
sary  to  ensure  an  approach  to  correct  results^  when  ik 
ezpcriment  is  made  !n  that  way. 


Pait  IL~Book  L— CifAf,  IL — Sect.  VI 
METEoarc  Stokes.    Vol*  IV.  p*  ng* 

Ik  the  accotint  of  the  constituents  of  mcteorio  sttiort^ 
it  was  omitted  to  meniioni  that  Laogier  has  detected 
chromium  as  a  constituent  of  them,  and  that  this  snb- 
stance  has  been  found  in  stnall  quantities  ill 
tcoric  stones  analysed  sinct  that  discovery  was 
^ed» 

Bige  affirmed,  that  he  had  discovered  atumba 
tnothcr  constitoent ;  but  when  Vau^ueUn  repealed 


^^dtlrf' 


a  Msm,  i'ArcM^  E  sjj. 


experiment,  he  could  only  find  minute  traces  of  that 
^-^  earth.  But  a  meteoric  Hone,  which  fell  lately  in  Mo- 
imvia^  and  which  has  the  common  characters  of  other 
meteoric  stones,  has  been  found  to  possess  different 
constituents.     The  following  is  the  analysis  of  it  hj ' 

^^^B  Silica  ,,*, 50 

^^^^  Lime •»#•#••••«♦•••#«  16 

^^^K  Alumina .^*.    g 

^^^^^^  Oxide  of  iron 29 

^^^^^K^  Oxide  of  manganese  •.,    1 

^^^^^^L|  Nickel,  a  trace 

^^^^^B,  Sulphur,  an  atom 

^^^TThe  presence  of  lime  and  alumina,  and  the  absence 
11  i>f  magnesia  and  chromium,  distinguish  this  stone  from 
^BiU  others  formerly  examined,  and  constitute  it  a  spc- 
Vcies  apart* 

I 
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Part  II, — ^Book  III.  Mikwals.  Vol.  IV.  p*  isi. 


A  coKsiDSftAlLE  number  of  new  chemical  analy. 
ses  of  mioenils  have  been  recently  published,  chiefly 
by  Klaproth.  I  shall  here  insert  the  most  important  of 
these,  following  the  order  in  which  the  minerals  them- 
es have  been  arranged. 


a  iiw.  ^  cf A»,  txx.  3St* 


AFrarBJor. 


[Cinnunoo  Stone. 

Silica S8*t0 

Aluminm •••••••  21*20 

Lime • ••  31*25 

Oidde  of  iron  ••••••••    6*50 

Loss •••••••     2*25 

lOO-OO^ 

From  this  analysis  it  is  obvioas,  that 
stone  is  improperly  classed  with  zircon  and  hyacisiL 
Frofessor  Jameson  had  previously  placed  it  in  the  gv. 
net  family,  considering  it  as  the  hjacinth  origiadj 
analy^d  )>y  Bergman. 

Augite  6t  Fftecati. 

Silica  ••••••••• •  48*00 

Lime  •••• ,,.  24*0# 

Magnesia 8*75 

Alumina 5*00 

Oxide  of  iron  •••....  12*00 

Oxide  of  manganese  1*00 

Loss ••• ,.  1*25 

100*OOf 


•  Klsproth.  Amm.  dc  Cbim.  Ixr.  x86.       \  Id  Ibid,  km  SSj. 


iOU-OQllOO'UOliOO'OolxQQ'QO 


Schorlite. 


§ 

II 

Silica 

AlmniQU 

Lime 

Oxide  of  iron 

Fluoric  acid 

Water 

Loss 

36-8 
52*6 

5-8 

43*0 
49-5 

I'O 
4-0 
I 
1-5 

100*0 

100*0 

^  Klapfoth,  4»»*  ^  dim,  ItY*  1 86. 

f  Id.  Ibtd,  liTiL  %$$.    Sp.  gr.  37 

t  Id.  Hud.  p*  ajj.    Fint  ^arktf  blick»  lecoiMl  red.| 

{  Vsp^tidtfii  [bid.  IsfiL  ^i;.  |  Ebprotbi  [bi4»  p.  S|9i 


S42 


Amnroix. 


n. 


Qttsrtz 

crysuU, 

Amorplx. 

Pr»Qt>                Iraoift 

m       1 

« 

• 

t 

f 

SUica 

90*37 

91-75 

oa-5 

§2*00 

aa*5 

Alumina 

0-63t 

O'SOJ 

0-5 

Oxide  of  iron 

i-0 

5*75 

s*  [ 

Ox*  of  man* 

1*00 

Water 

1-00 

1-00 

V 

Los» 

0*75 

0*115 

0-5 

loa* 

100- 

100' 

100* 

lt>0* 

Miou 


SilicA 

Altitnina 

MagDesia 

Oxide  of  iron 

Oxide  of  minganeie 

Potash 

Water 

Loss 


47*00 
20*00 

15*50 
1*75 

14*50 

1-25 


4ll*0O 

3V25 

0'50 

4-50 


100 


100 


fioo 


t  W.  aid.  p.  s$*    *nie  fim  ^ririety  brown,  the  tecM 
third  red. 

i  A  niiiture  of  tinmfiii  in4  oiide  «f  {fno* 

f  KUproth,  ^it.  </ir  C&im,  bx.  9!,  iij»  Mid  i«0>    TliC  inK  < 
men  w*i  common  micju  the  tccond  hrot44cAfe4  mSet  frwi  J 
Cbird  black  mici  £rom  Siberia, 


Lal^rftdore  Homtlendc. 

54*25  silica 

2*25  alumiaa 

1'50  lime 
14*00  magnesiA 
24*50  oxide  gf  iron 

1*00  water 

2*50  loss 


100*00  ' 


r  has  lately  made  this  mineral  a  distinct  species^ 
yfit  distinguishes  by  the  name  oi  hyperstcne* 


Common 

Scaly 

Talc. 

Tdc. 

t 

t 

Silica 

62*00 

Atumina 

81-75 

Lime 

4*00 

1  Magnesia 

ao-50 

0*75 

Ojude  of  iron 

2*50 

Potash 

1      2*75 

0*50 

Water 

0*50 

13*50 

Loss 

X-15 

100-00 'ioo-5o 

ram  these  analyses  it  is  obviousi  that  these  two  mi* 
If  ought  to  be  separated  from  each  other,  and  no 
er  considered  as  belonging  to  the  same  species* 


^ 


Klaproth,  A^it*  de  Cbim*  bcTti  ^41* 
Dj  Ibid*  IXTB*  %$^ 


t  Id*  Ibed  In.  xgii 


AfPEKDlX. 


F^U. 


Spur. 

An^ 

• 

m 

Lime 
Carbonic  »cid 

56'3ST 

43-045 
0-628 

56-351    1 

42*&19 

0-730 

100-000 

100*000 

Capillary  P/ritci* 

KrkfK&m  hts  atirfyicd  tMs  ore,  aad  found  in 
ikickci  witli  some  cobalt  and  arseaic.  It  must,  of  c 
be  separated  from  iron  pyritea,  with  which  ill 
cxmnccdon  t* 

Sulphate  of  Cobalt. 

Tut  mineral  described  under  th:s  namc^  in  Vol  I 
p.  501,  it  appcarst  is  rather  a  sulphate  of  ttiagnesiai 
with  oxide  of  cobalt.  But  real  sulphate  of  cobalt  bi 
been  lately  found  at  Bieher  in  the  count j  of  HanaiL  k 
is  thus  described  by  Kopp. 

Colour  flesh  red,  passing  to  rose  red  and  eamuaerd 
Sometimes  dendritiformy  and  sometimea  ta  thin  bjm 
on  other  minerals*  Lustre  usually  o,  soroeiimes  I, 
silky*  Fracture  earthy.  Opaque*  Streak  ttdjul 
white.    Soft,    light.    Taste  styptic.     It  occitrt  oem^ 


•  Hiemrd  and  fiiof«  Mtm*  XArttmi^  ti.  i;6. 


AfPENDtZ. 


%a 


<^ing  sulphate  of  barjtes^  along  witk  other  ores  of  cobalt*     Bi«k  IQ. 
"^Ita  eoDstitaents  are, 

38*71  oxide  of  cobalt 
19*74  sulphuric  acid 
41*55  water 


100*00  *v 

Needle  Ore, 

This  mineral  has  been  erroueously  arranged  among 
lie  ores  of  chromium.  It  ought  to  be  placed  among 
the  ores  of  bismuth,  as  is  obvious  firom  the  following 
aoaljiis  of  Dr  John. 

43*20  bismuth 
24^32  lead 
12*10  copper 
1*58  nickel? 
1*32  tellutium? 
11*58  sulphur 
5*00  loss 


I00*00t 


Aplome. 

Tills  is  the  name  given  bjf  Hauj  to  a  mineral  found 
in  Siberia,  on  the  borders  of  the  river  Lena.  It  has 
some  resemblance  in  its  crystallization  to  the  garnet 
and   the   vesuvian.      Its  crystals  are  dodecahedrops, 


9Mihit(U4m.  Uz<ij* 


t  Ibid*  Uvii.  s^l^ 


ATfKlfDlX. 

fofvied  from  mcuWbjmdecfcncsilof  oaeniip««||1 
c^gc,     Coloor  fcddiili  browD.     Verj  bard, 
mio  cTyitailine  fragmoilv  with  diffictiltj 
powder.      Spedfie  gfrnviiy  3*444.     According  to  1 
an^jsift  of  Laugiefy  it  is  compoiaed  of 
40*0  silica 
20*0  alumina 
14*5  lime 
14*5  oxide  of  irm 
2*0  oxide  of  maogaoese 
0*0  mtxtttiT  of  silica  aod  iron 
2*0  losi  by  calciriau&it 
5*0  loss 


100*0  • 


Bronzite. 


Tbis  imncral  hat  bMo  elaastd  b^  Battj  it  a  v^mtj  ' 
of  stnaragdite,  under  the  n%mt  of  lame/h-jUnmi  Salki^ 
It  occurs  in  serpentine  near  Kranbal  in  the  Upper  Stiriai 
in  large  masses^  and  has  been  obatrved  in  other  plicts 
diueminated  in  serpentine. 

Colour  tombac  brown*  Afaisive  and  dissrmiotiti!. 
Lustre  4,  semimttallif^f  Fracture  lamcllart  with  a 
single  cleavage.  Iq  distinct  granular  concretions*  Tiasj* 
par«icjr  2  ^  in  large  ma$sc$  0.  Streak  wfaite.  Stmi* 
bard*  Verj  brirtje.  Specific  gcmvity  9*tOQ«  Acmi' 
tog  to  the  analysis  of  Klaproch,  its  coiiistit««il»  art  as 
fallows ; 


•  /mr,  if  ffyi.  Itrii.  jof.     Am,  A  Wm,  tut.  tfO. 


Part  II— Book  IV.— Cha? .  II»— Sect.  V, 
Leaves.    Vol.  V,  p,  223. 

Tobacco. 

Vau^jtelin  has  lately  published  an  elaborate  atia- 
^is  of  the  leaves  of  the  different  species  of  fdcotiana^ 
chieflj  the  latifolia.  The  expressed  juice  contained  the 
Ibllowing  substances  : 

11.  A  considerable  quantity  of  albumen. 
^2.  Supermadate  of  lime. 
3.  Acetic  acid. 
4-  A  notable  quantity  of  nitrate  and  muriate  of  pot- 
ash. 
5.  A  red  matter  soluble  in  alcohol  and  water^  which 

swells  considerably  when  heated. 
6«  Muriate  of  ammonia. 

7.  A  peculiar  substance,  to  which  tobacco  owes  its 
properiies.  This  substance  is  colourless^  acrid, 
volatile^  soluble  in  water  and  in  alcohol^  and  seems 
different  from  every  vegetable  principle  hithena 
described,  it  seems  to  approach  the  voUtik  oils 
in  many  of  its  properties. 
3.  Green  fecula^  composed,  as  usual,  cbicfiy  of  glu- 
ten, greei  ud  woody  fibre  f* 


t  A»9 


i  Ihid*  Usj«  I J^ 


Anum 

tm n.  pA&T  U— fiMK  IJUlpn^SonTAifcis. 

m    VoU  V.  p.  428* 

BERzSLms  h%s  published  m  vaHctjr  of  resvilu  nUA 
be  obtained  bj  analysiof  snimal  sabstacice%    The  £i  ' 
lowing  are  the  rn^st  importanr  of  these. 

1 .  Muscular  flesh  coiuaias  an  uncomtuncd  acid*  TUi  I 
acid  is  combustible^  and  analogous  to  the  milic*    Al 
the  alkali  coDuined  in  the  liquor  extracted  from  flottid^, 
is  saturated  with  this  acid. 

2*  The  fibrin  and  coagulable  part  of  blood,  bec«a*| 
sideis  as  the  same  substance  tn  dtfTerent  states*    If«s| 
is  the  colouring  matter  of  bloody  but  not  pbosphste  eC 
iron.     Blood  contains  no  gelatine^  but  some  is  forod 
when  the  blood  is  long  boiied* 

9.  The  acid  of  milk^  in  his  optoioo^  is  not  the  acetic 
acid. 

4*  He  could  not  succeed  ia  analysing  bile  bj 
process  of  Thenard.      What  is  called  rcsiii  of  bile  he 
considers  as  not  entitled  to  the  name  of  resin  *• 


Niccolannm. 

I  PORGOT  to  mention,  in  its  proper  place^  that  Hista* 
ger  and  Gehlen  have  proved  that  niccolanom  is  a  com* 
pound  of  nickel  and  cobah,  with  a  trace  of  iroa  ind 
arsenic  f* 


9  4nm,  h  Ckim.  luL  siS. 


t  Jm^.  A  Bijf*  Isvio.  If 


FINIS. 


EoiNiuaoat 
Printed  hj  limn  Bspw^c, 


/ 


^ 


i 


